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Open ears lead to the open thinking that 
made possible today’s rocket powerplants. 
They are alert ears—ears acutely sensitive 
to the unsolved problems that must be 
conquered in designing powerplants for the 
vehicles of the future. 


RMI puts a premium on just such thinking. 
Its engineers and scientists form a talented, 
alert team, efficiently and effectively 
meeting the rocket power needs of tomorrow. 


Engineers, Scientists— Perhaps you, too, 
can work with America’s first rocket family. 


You'll find the problems challenging; the 


rewards great. 
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> 
At Firestone, you'll find the right match for 
your wits — the match to explode your 
concepts into brilliant reality. The secret? 
Firestone’s small-project approach to 
large-scale engineering problems. 


For your career, this plan assures the broadest 
scope of achievement, with all the rewards 

of success. And of course, it also secures 
Firestone’s accustomed role of leadership in 
guided missile and other defense projects. 

In a word, everybody wins! 


The challenge is exciting. In Los Angeles, 
our major effort is the continuing development _ 
program for the Army’s Corporal. In 
Monterey — Carmel-by-the-Sea, our new 
_ Engineering Lab is also blazing trails 
_ in guided missile and related fields. And don’t 
_ discount this big dividend: while your 
_ Career is going up, your family (and you) 
will enjoy living it up in California! 


Write us today for an exceptional opportunity 
_ to match your talent in these fields: 


Aeronautics 
Structures Air Frame 
Stress Analysis 
Propulsion System & Component Design 
Materials & Process 


Firestone GUIDED MISSILE DIVISION 


¥ 
‘ RESEARCH + DEVELOPMENT MANUFACTURE 


FIND YOUR FUTURE AT FIRESTONE + LOS ANGELES + MONTEREY 
WRITE: DIRECTOR OF ENGINEERING STAFF, LOS ANGELES 54, CALIFORNIA 
baat 
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Test a rocket motor’s performance at 100,000 feet altitude... deter- 

mine how extremes of temperature affect explosive and propellant 

charges...develop igniters of maximum sturdiness and reliability. 

These are typical activities at National Northern Division, West Han- 

newest A Pé& CC division over, Mass., latest addition to the AMERICAN POTASH family. Here, a 

qualified staff of scientists and technicians conducts research, devel- 

opment, field testing and production of propellants for rockets and 

missiles, explosives, pyrotechnics, nators, igniters, squibs, gas 
epee generators, fuzes and other items. 


Int 


Dedicated to research, 
development and production 7 in 


_ Extreme environmental conditions are simulated in the laboratory ae 
- or encountered in actual field tésts on the firing range at West Han- a 
oe, over or the 1900-acre test range at Halifax, Mass. Here, too, AP&CC ty 
« will extend its facilities for the investigation and development of 1 | 
G tek _ TRONA* boron, lithium and perchlorate chemicals in high energy fuels. Fev 


For more than ten years National Northern has demonstrated its 
ability to work in close coordination with others. As an integral part qua 
of AMERICAN PoTASH & CHEMICAL CORPORATION it is ready to go to 7 ec 
work for you! dise 
We invite inquiries leading to research and production contracts. pub: 
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Scope of JET PROPULSION 


This Journal is a publication of the Ameri 
an Rocket Society devoted to the advance- 
nent of the field of jet propulsion through 
he dissemination of original papers disclosing 
new knowledge or new developments. As 
ised herein, the term ‘‘jet propulsion” 

embrances all engines that develop thrust by 

earward discharge of a jet through a nozzle 
or duct, and thus it includes air-consuming 
engines and underwater systems as well as 
ockets. JET PROPULSION is open to con- 
ributions dealing not only with propulsion 
ut with other aspects of jet-propelled flight, 
uch as flight ssschenien, guidance, telemeter- 
ng, and research instrumentation. In- 
creasing emphasis will be given to the scientific 
sroblems of extraterrestrial flight. 


Information for Authors tan 

Manuscripts must be as brief as the proper 

presentation of the ideas will allow. x- 


clusion of dispensable material and concise- 
ness of expression will influence the Editors’ 
acceptance of a manuscript. In terms of 
standard-size double-spaced typed pages, a 
typical maximum length is 22 pages of text 

neluding equations), 1 page of references, 
1 page of abstract, and 12 illustrations. 
l ewer illustrations permit more text, and vice 
versa. Greater length will be acceptable 
only in exceptional cases. 

Short manuscripts, not more than one 
quarter of the maximum length stated for full 
articles, may qualify for —— as 
Technical Notes. They may devoted 
either to new developments prompt 
disclosure or to comments on previously oab- 
lished 2 yer Such manuscripts are usually 
publishe within two months of the date of 
receipt. 

Sponsored manuscripts are published 

-casionally as an ARS service to the indus- 

y. A manuscript that does not qualify for 

ublication according to the above-stated 
‘quirements as to subject scope or length, 
ut which nevertheless deserves widespread 
istribution among jet propulsion engineers, 
ay be printed as an extra part of the Journal 

r as a special supplement if the author or 

is sponsor will reimburse the Society for 
stual publication costs. Estimates are 
vailable on request. Acknowledgment of 
ich financial sponsorship appears as a 
otnote on the first page of the article. 
ublication is prompt since such papers are 
»t in the ordinary backlog. 
Manuscripts must be aechile spaced on one 
de of paper only with wide margins to allow 
r instructions to printer. Include a 100 to 
)0 word abstract. State the authors’ 
sitions and affiliations in a footnote on the 
rst page. Do not type equations; write 
iem in ink. Identify unusual symbols or 
reek letters for the printer. References are 
be grouped at the end of the manuscript 
id are to be given as follows: for journal 
ticles: authors first, then title, journal, 
lume, year, page numbers; for ks: 
ithors first, then title, publisher, city, edi- 
on, and page or chapter numbers. Line 
awings must be clear and sharp to make 
ar engravings. Use black ink on white 
per or tracing cloth. Lettering should be 
rge enough to be legible after reduction. 
1otographs should be glossy prints, not 
atte or semi-matte. Each illustration must 
ve a legend; legends should be listed in 
der onase parate sheet. 

Manuscripts must be accompanied by 

‘itten assurance as to security clearance in 

e event the subject matter lies in a classified 
ea or if the paper originates under govern- 
ent sponsorship. Full responsibility rests 
th the author. 

Submit manuscripts in duplicate (original 
is first carbon, with two sets of illustra- 
ms) to the Editor, Martin Summerfield, 
ofessor of Aeronautical Engineering, Prince- 
n University, Princeton, N. J. Preprints 
papers presented at ARS national meetings 
» automatically considered for publication. 


T PROPULSION is published monthly vd 
» American Rocket Society, Inc., and the 
nerican Interplanetary Society at 20th & 
rthampton Sts., Easton, Pa., 
itorial offices: 500 Fifth "Ave., New York 
N. Y. Price: $12.50 per year, $2.00 
single copy. Entered as second-class 
tter at the Post Office at Easton, Pa. 
tice of change of address should be sent to 
» Secretary, ARS, at least 30 days prior to 
blication. Opinions expressed herein are 
» authors’ and do not necessarily reflect the 
ws of the Editors or of the Society. 
Copyright 1957 by the American Rocket 
‘iety, Ine 
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Any hunter who’s fired at a fast- 
flying duck knows you have to 
figure time—the 4th dimension— 
if you want the shot to meet the 
duck in flight . . . 


Now substitute an airplane 
taking full evasive action at 
40,000 feet or more, and conven- 
tional ways of aiming become ob- 
solete. Yet this problem is 
relatively simple, as was dramati- 
cally proved at the first tests of 
the Nike missile, jointly developed 
by Bell Telephone laboratories 
and Douglas. 


Even more complex than 
ground-to-air marksmanship is 
air-to-air gunnery, where oppos- 
ing planes top 1000 mph, and fire 
missiles that move twice that fast. 
It’s an entirely new science, based 
on principles first expounded by 
a Douglas scientist, and proved in 


Dramatic moment in aviation history, a Douglas-built 
Nike-Ajax bores in on a drone bomber. 
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Here is Nike-Hercules, soon to take over 
defense of U. S. cities from the earlier 
Nike-Ajax. Tripling the range of its pre- 
decessor, Nike-Hercules can be armed 
with a nuclear warhead, to knock out 
entire fleets with a single blast. 


Douglas engineers load the rocket pod of 
an F4D Skyray. Fire control problems 
at supersonic speed, naturally much 
greater than encountered at stable ground 
emplacements, are solved on principles 
developed by a Douglas engineer. Con- 
sistent hits can be scored by planes 
approaching one another at close to a 


A split second later finds the bomber in flames, ; 
as Nike-Ajax scores a direct hit. 
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CABLE 
SPECIFICATIONS 


“Design Engineering Specification’ 
Bulletin No. PAP-C-101. 
Comprehensive 19-page engineering 
manual describing materials, 
construction, design criteria, 
specification conformance, performance, 
identification, documentation and other 
important features determining 
correct cable for your specific 
application 


CABLE 
AS A COMPONENT 


“Electronic Cable as a Systems 
Component” Bulletin No. 656. 
Generously illustrated pamphlet 
describes design and production of 
electronic cable in bulk and assemblies. 
Connectors and hardware; cable break- 
outs; environmental requirements; 
voltage rating, testing; cable 
procurement data — are some 
of the subjects covered 
in this bulletin. 


CABLE SYSTEMS 


“Engineered Cable Systems” 
Bulletin 357. Illustrated brochure 
describing Pacific Automation 
Products’ pioneering in the use of the 
Systems Concept to coordinate cable 
design with the development of complex 
electronic systems. Liaison engineering 
teams cooperating with systems 
design groups establish cable as 
integral part of system, super- 
vising cable construction 
concurrently with 
development of 
other elements. 


CABLE ACCESSORIES 


“Extension and Adapter Sleeves 
for Cable/Connector Compatibility’’ 
Bulletin 257. Illustrated bulletin on 

aluminum adapters designed and 
manufactured by Pacific Automation 
Products, which for the first time 
provide a means of attaching 
any size AN connector to 

any size cable, with 

red reliability. 


CHapman 5-6871 » TWX: GLN 7371 137 Walnut Hill Village, Dallas, Texas » Fleetwood 2-5806 
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HAWS Eye and Face Wash Fountains and 
Drench Showers provide emergency relief in 
seconds, where seconds count! Handlers of toxic 
or corrosive propellents or other dangerous chem- 
icals must have immediate first aid in case of con- 
tamination. HAWS Emergency Eye and Face 
Wash Fountains permit instant washing of affect- 
ed areas with controlled streams of water—span- 
ning the danger period until medical aid arrives. 
HAWS Drench Shower sends a sudden torrent of 
water to rid body or clothes of contaminating 
material, before permanent damage can result. 


Strategically placed in danger areas, HAWS 
Emergency Facilities have simple fool-proof op- 
eration—hand valve, foot treadle or pull chain. 
Models are available with eye-wash fountains 
separately or in combination with face-wash 
and/or drench shower. For particular applica- 
tions, models will be fabricated to specification. 


HAWS Emergency Facilities now serve at num- 
erous jet, missile and research installations. They 
serve both for emergency first-aid, and also as a 
routine precaution by which employees period- 
ically rinse away foreign materials. 


& Install Safety in your Operation! 


HAWS DRINKING FAUCET COMPANY 
Fourth and Page Streets, Berkeley 10, California 
| want more information on HAWS Emergency Facilities for my installa- 5s 
tion. Please send literature. s 
NAME 
COMPANY 
ADDRESS 
HAWS DRINKING FAUCET COMPANY 
FOURTH AND PAGE STREETS BERKELEY 10, CALIF. i 
Telephone LAndscape 5-3341 ee eee ee 
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SOLID PROPELLANTS MAY BE THE 
ANSWER! Solid propellants are simple to 
handle and operate in the field . . . will not 
evaporate, slosh or spill... and many solids 
are non-corrosive — give off no toxic fumes. 


Phillips solid propellants work efficiently and 
reliably over very wide temperatures and 
pressures ... are highly stable... have 
shelf life of years... afford maximum pre- 
flight, inflight and tactical reliability... burn 


smoothly...are economical 


PHILLIPS PETROLEUM COMPANY 
Bartlesville, Oklahoma 


PROPELLANT 


PROBLEMS? 


Phillips can also supply solids with non- 
corrosive exhaust gas . . . low flame tem- 
perature ... very low explosive sensitivity. 


Phillips propellants are proved performers 
.. . let Phillips give you SOLID answers to 


Address all inquiries to: 
Rocket Fuels Division 
Bartlesville, Oklahoma 
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intelligent as an electronic brain! 


combines advantages of both. and solves the 

problems “in-between,” at low cost and 

with big savings in technical man-hours. 

Pinboard programming — an exclusive feature 

of the E101 digital computer — can be mastered 

in six hours; familiar notations, no coding. 

That’s why more E101's are at work thanall 
other comparable computers combined. 
Immediate delivery; instant serviceability. As _ 

a test: send us one of your problems. We'll 

program it, send your solution and proof of 

how we can serve. For demonstration, or 

descriptive booklet, write: 


ElectroData 


-B) Division of Burroughs Corporation 
; with world-wide sales and s service f facilities 
aT 460 Sierra Madre Villa 
Pasadena, California 
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ae STOKE’S LAW for the very 
small to Hoyle’s work with the 


very large, the “3/2 power” prin- 
ciple maintains its validity. For an 
example in the middle range of 
our immediate experience, note the 
curves on the chart (1). 


The variation of propulsive thrust 
with the square, and of “engine” 
weight with the cube of linear di- 
mensions results in the well-known 
fact that propulsive efficiency in- 
creases with decreasing power plant 


size...whether one studies insects, 


birds, or aircraft gas turbines. 


For the engineer who is curious 
about the application of engineer- 
ing principles in nature, we recom- 
mend D’Arcy Thompson’s “Growth 
and Form”. 


For the engineer who is specially 
curious about the small curve on 
the plot, we can recommend no bet- 
ter course for him than to contact 
Roger Hawk of General Electric’s 
Small Aircraft Engine Department. 


Engineers at SAED are busy extend- 
ing the 3/2 principle to AGT appli- 
cations. The success with which 
they have met in developing small 
highly efficient power plants (2) 
has created many new openings for 
engineers with 


in AGT work. | 
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“ENGINE SPECIFIC WEIGHT” (LBS./HP) 


103 10-2 


Some of the particular components 
demanding the attention of capable 
engineers are: combustors, controls, 
exhaust nozzles, frames, reduction 
gears, rotors and blading. 


If you feel that you would like to 
put your degree and AGT experi- 
ence (3) to work in the exacting 
region of that small lower curve, 
you can get additional details on 
these positions from Mr. Hawk. 


WEIGHT (LBS.) 
“ENGINE SPECIFIC WEIGHT” VS. WEIGHT 


101 1 10 


NOTES AND REFERENCES 


of the in- 


1. Values for the ‘“‘engine specific weight"’ 
sects and birds were derived from Thompson . . . cf. 
“Growth and Form,” 2nd Ed., 1942, Cambridge Uni- 
versity Press; Chapter II on magnitude, especially pp. 
45, 47. Birds were assumed to fly at 30 mph, insects 
at 5 mph. 


2. The T58 Turboshaft — 250 lbs. without reduction 
gear, 1050 HP — now in production. The T64 Con- 
vertible — for turboprop or turboshaft use, depending 
upon gearing — now in development; the J85 Turbojet 
— details still classified. 

3. A degree in engineering or science, plus AGT expe- 
rience qualifying you for bustor, » tur. 
bine and other mechanical design, field nad flight test, 
aerothermodynamics, fluid mechanics, accessories and 
systems, engineering liaison. 


SMALL AIRCRAFT ENGINE DEPARTMENT 


GENERAL 


ELECTRIC 


WESTERN AVENUE, WEST LYNN, MASS. 
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ENGINEERS: SCIENTISTS 


“We’re developing the Atlas ICBM 
... giant step toward Outer. Space!” 


DR. HANS R. FRIEDRICH 
Assistant Chief Engineer 
Development of CONV 
ASTRONAUTICS, received 
his Ph.D. at the University 
of Leipzig. and was the 
co-developer, with 
Dr. Wernher ven Braun, of 
tlie famous V-2 rocket. He is. 
responsible for directing the. 
research and technical ; 
development. of the 


Atlas ICBM. 


“The Atlas Intercontinental Ballistic Missile, now being 
designed and developed by CONVAIR-ASTRONAUTICS, will 
be, for a time during its flight, a true space vehicle. At 
hypersonic speeds, it will travel hundreds of miles 
beyond the earth’s atmosphere. 

“That's why our top theoretical scientists here at 
CONVAIR-ASTRONAUTICS are exploring every implication 
of flight into space. Even now these men are thinking in 
terms of multi-stage rocketry, re-entry, solar propulsion 
and cosmic dust bombardment. Other teams of our engi- 
neers and technicians are engaged in the practical appli- 
cation of this new science, Astronautics. 

“Our first job here at CONVAIR-ASTRONAUTICS, of 
course, is to make the Atlas ICBM operative, for we 
are aware that this is a top priority weapon. You — as 
an engineer — can appreciate the stimulating atmosphere 
generated by a project so vital to America’s defense. 


“As a graduate engineer or scientist with an aptitude 
for creative thinking, your future is with CoNvaIR- 
ASTRONAUTICS. Here you will associate with the leaders 
in this advanced field — work in our new $40,000,000 
facility. You will see and feel the kind of achievement 
that means personal progress. And you will enjoy living 
at its best in beautiful, smog-free San Diego. 

“For your future’s sake, write today to: Mr. G. N. 
McMillan, Engineering Personnel, Dept. 78-C. 


 CONVAIR 


ASTRONAUTICS 
3302 Pacific Highway, San Diego, California 


CONVAIR IS A DIVISION OF GENERAL DYNAMICS CORPORATION 
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Model GLH 


A rugged magnetically damped in- 
strument with low natural frequen-_ 
cies for low range. High-quantity - 
production assures good price and: 
delivery schedules. Available in 
ranges from +1 G to +30 G. 


Model GMO 


: A rugged, miniature, viscous-damped 
- instrument with ranges from +2 G to 
> +80 G. Unbalanced-range instru- 
- ments also available. Medium high 


natural frequencies. 


Model DDL 


Magnetically damped low-range in- 
strument available in ranges from +1 
G to +30 G. Ultra-sensitive models 
supplied as low as +0.1 G. Certified 
to MIL-E-5400 and MIL-E-5272A. 
Especially good in severe shock and 
vibration applications. An accelera- 
tion-sensitive switch version of the 
DDL is designated as the Model DDS. 


Model GMT 


Basically a Model GMO with internal 
thermostat-operated heater, assuring 
maximum environmental! stability 
within the instrument. Damping re- 
mains constant with change in ambient 
temperature. 


Model GAL 


Incorporates a variable transformer 
a-c output with the magnetically 
damped sensory mechanism of the 
proven Models DDL and GLH. 
Superior reliability, life, resolution, 
ey sensitivity. Available in ranges 
from +1 G to +30 G. Range as low 
as +0.1 G also obtainable. 


Miniature double-potentiometer in- 
strument capable of sensing lateral 
acceleration in two mutually perpen- 
dicular planes (e.g., pitch 
Ideally suited for missile and high- 
speed aircraft flight control systems. 


CASES GOLD PLATED INSIDE AND OUT — This new trend 
in instrument plating has two important advantages 
over tin plating or fusing. Being the least active metal, 
gold prevents the formation of crystalline “whiskers” 
inside the case which could reduce performance and 
even cause malfunction. Gold plating also assures posi- 
tive protection against corrosion to the exterior of the 
ease and, because of its excellent solderability, makes 
possible a more reliable hermetic seal. The new gold 
plating is available on all models at no extra cost. 


Descriptive data sheets available on all models. 
Please seid request on company letterhead. 


NEW! GENISCO ACCELEROMETERS NOW 
GOLD PLATED FOR GREATER RELIABILITY 


2233 Federal Avenue 
Los Angeles 64, California 
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the brushes of Simpson- 
Middleman, a team of artists who 
find their subjects in the world 

of the natural sciences, ‘‘Aurora,” 
they explain, “‘is a visual 
statement with equivocal 
overtones of dawn, the Aurora 
itself and a hint of a Chimera.” 
Painting courtesy 

of John Heller Gallery, Inc. 


Drep a note now to John C. Sanders, Engineering Personnel Administrator, Boeing Airplane Company, Department P-66, Seattle 24, Washington * 


“,URORA,” a recent expression from 


You'll discover new horizons at Boeing a 
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Through the years, the advanced work of Boeing engineers and scientists has opened ; 
new eras in civil and military aviation. A few of their pioneering accomplishments: the first 
3-mile-a-minute transport, the world’s first four-engine pressurized airliner, the first 
high-performance four-engine bomber—and the 707, America’s first jet airliner. Boeing in 


addition has developed a defense weapon system spearheaded by the supersonic we 
Bomarc IM-99 interceptor missile. 
If new horizons interest you, you'll enjoy working at Boeing. For here you'll ms 


find engineering excitement in such advanced fields as 
electronic and inertial guidance, chemical fuel propulsion, 


cw 
guided missiles and supersonic flight of the future. 
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Every day, professional engineers are finding 
outstanding career development opportunities at 
Marquardt Aircraft. Because, at Marquardt, there 
is no ENGINEER/BARRIER. 


an engineering philosophy. 


This management team is familiar with, under- 
stands and respects the contributions of engineers. 


This engineering philosophy eliminates all traces 
of the ENGINEER/BARRIER—that invisible manage- 
ment level beyond which engineers cannot advance. 


Don Walter, B.S. M.S., achieved an outstanding academic record at Cal Tech, Class of 
'40, while earning seven varsity letters. Today as Vice President in charge of Engineer- 
ing and Van Nuys Operations, Don utilizes his technical and teamwork background to 
lead Marquardt’s engineering and development manufacturing. He is an example and 


ENGINEERING MANAGEMENT = OPPORTUNITY AT MARQUARDT 


> 


Professional engineers interested in joining a com- 
pany which offers this management team and this 
engineering management philosophy are invited to 
write that letter to Jim Dale, Professional Person- 
nel, 16556 Saticoy Street, Van Nuys, California. 


Marquar CO, 


VAN NUYS, CALIFORNIA OGDEN, UTAH 
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AIRCRAFT and MISSILE SYSTEMS and COMPONENTS 


where liquid level is critical 


LIQUID LEVEL SWITCH 
A new degree of accuracy and reliability 
is provided by this new Liquid Level 
Switch. The unit utilizes the absorptive 
properties of liquids to radioactive 
emission, achieving precise liquid level 
indication. 


where frequency must remain constant 
CRYSTAL OVEN 

By employing the melting point 
characteristics of crystalline substances, 
this new compact Crystal Oven maintains 
extremely stable crystal cavity 
temperatures. Temperature tolerance 
is 


where altitude builds fatigue 
MINIATURE OXYGEN REGULATOR 


Helmet or mask mounted, this new 
ultra-compact regulator allows effortless 
breathing... eliminates many of the 
bulky fittings previously required. The 

regulator is available as either a 

straight demand or demand with 
automatic pressure breathing unit. 


where friction is kept to a minimum 


BALL VALVE 
This new Ball Valve overcomes frictional - - 
limitations characteristic of conventional ce ra 
designs through the use of a unique 
pressure balance seal. 


where damping is a vital factor 
VISCOUS DAMPER 
This device makes use of the viscous od, 
properties of silicone fluid to effect 

controlled damping of rotary shafts. 
Damping range is 2.25 to 
56.5 in-lb/radian/sec at 70° + 5°F. 
Damper operates to —107°F. 


For complete information on these products write 
for technical bulletins. nr 


AERONAUTICAL DIVISION 
PRODUCTS FOR PROGRESS 


Kobertohaw Fu ultow 


CONTROLS COMPANY 
AERONAUTICAL 


Santa Ana Freeway at Euclid Avenue * Anaheim, California 


Outstanding facilities 
for the research and 
development of special- - 

ized control devices. 
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MACHINING 


re Hydrospinning Division with the aquisition of 


DO ’ RE HALF A INED! HYDROSPINNING NOW AVAILABL 
eo announces the formation of a new 


Get flight quality hardware right from the start. Components that 
may Originally be good enough for a static test stand don't always 
measure up to subsequent flight quality standards. 

Above is a typical example of flight quality being machined in 
from the start. You see a Diversey craftsmen taking frequent 
checks on a forward closure for a large solid propellant rocket 
case. You see him using the largest Monarch Tracer Lathe in the 
country. The customer who receives this component is getting 


his flight quality right from the start. Why not you? 


LEADERS IN CONTOUR MACHINING 


ENGINEERING COMPANY 


10550 WEST ANDERSON PLACE 
FRANKLIN PARK, ILLINOIS ¢ A Suburb of Chicago 


eee 2 new Hydrospin machines. Now you can also 
: bring your hydrospin problems to Diversey. 


METAL 
SEND MACHINING 
FOR 
FREE 
BOOKLET 


FROM NOSE TO NOZZLE, FROM FIN TO FIN, CONTOUR TURNED PARTS—WITH PRECISION BUILT IN 
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Optimum staging Technique for Multistaged Rocket 
Vehicles 


ERNEST E. H. SCHURMANN' 


In the preliminary design of multistaged rocket vehicles 
the question always arises as to whether the staging tech- 
nique used is optimum. The purpose of this paper is to 
present a preliminary design method of determining the 
optimum staging under a known set of conditions. The 
simplifying assumptions that have been made are not too 
restrictive in that they are in line with most preliminary 
analyses. The results show that it is possible with a very 
few calculations to predict the optimum performance of a 
multistaged rocket vehicle. This procedure would be ap- 
plicable to the design of ballistic missiles and satellite 
vehicles. 


Nomenclature 
a, = maximum acceleration for the nth stage 
C = exhaust velocity = Ig 
g = acceleration due to gravity (32.2 ft/sec?) 
| = specific impulse 


m = mass 

N = number of stages 

t = time (seconds) 

At, = burning time for nth stage 

T, = thrust of nth stage 

V velocity 

AV, = velocity increment of nth stage 

Won = gross weight of nth stage 

Won = propellant weight of nth stage 

We, = empty weight of nth stage 

W, = launch weight 

Wray = payload weight 

é. = structural efficiency of nth stage 

fn = propellant loading factor of nth stage 

An = payload ratio of nth stage 

™m = nondimensional burning time of nth stage 
” = Lagrangian multiplier 

tn = nondimensional velocity increment of nth stage 
ur = nondimensional velocity of final vehicle — 
wn = fuel flow of nth stage 


Introduction 


N THE preliminary design of multistaged rocket vehicles 
the problem arises as to what is the optimum staging 
technique. The usual approach to the problem is to deter- 


mine the necessary launch weight to achieve a given end 
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Ww 7 be given below and discussed in some detail. 

is i too restrictive since rocket engines are usually designed 
to operate at full power at all times. 
thrust with altitude is usually small. 
pend primarily on the engine design and the type of fuel used. 


_ Therefore, the assumption of constant specific impulse is very 
_ close to reality, except at low altitudes where it will decrease 


be small (e.g., the difference between the value at 300,000 ft 
and sea level is only 3 per cent). 


governing the motion of the vehicle is given by 
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velocity for various combinations of staging times. There- 
fore, there is a need for a quick preliminary design technique 
to determine optimum burning times for each stage of a multi- 
stage vehicle. 

The usual data that are available for a preliminary analysis 
are (a) initial flight speed of final vehicle, (b) specific impulse 
of rocket engines, (c) maximum acceleration for which struc- 
ture will be designed and (d) payload weight. From these 
data the minimum launch weight, fuel load and structural 
weight are determined in order to give the required per- 
formance. In order to investigate the effect of payload 
weight, maximum acceleration, etc., a large number of calcu- 
lations will have to be made. Therefore, the purpose of this 
paper is to present a method whereby the optimum staging 
technique can be determined by a few short calculations. 


Assumptions 


The basic assumptions that have been made in this analysis 
. Constant thrust during any given stage: This assumption 
The variation of the 


2. Constant specific impulse: The specific impulse will de- 


4. Constant g: The effect due to the variation in g should 


ay = 
4 
Method of Analysis 


It it is assumed that the flight path is vertical, the equation 


d 1¢ dm 
—mg = m — 
dt 


Numbers bers in indicate ences at end of paper. 


= 
> 
7 
ag 
. 
= 4 
3. Zero drag: It has been shown that in the case of large « 
vehicles the effect of drag on the boost phase is very small a 


If a notation is used similar to that of (1), Equation [1] can be 
integrated and written as 


_ [2] 


AV, 
+9 


We can choose a nondimensional velocity and time that will 
eliminate the specific impulse as a parameter and also simplify 
the equations. 


AV, At, 


= T [3] 
a Equation [2] can be rewritten as 


where ¢, = W,,/Wa.- 
Equation [4] gives a relationship for the nondimensional 
velocity increment and burning time in terms of the propellant 
loading factor for each stage. 

The results of (1) can be summarized by 


Won 


1 — & 
fn — €n 
Making the following definitions 


Wz. = launch weight 
Woay = weight of final vehicle 


then 


Won Wi 


Wi Wo 
=)\iA.... Av = 
W pay : ‘ Woay 


. [6] 


Equation [6] gives the ratio of launch weight to payload 

weight in terms of the propellant loading factor and the struc- 

tural efficiency of each stage. The problem now is to relate 
the payload ratio to the burning time. 

If the thrust of each stage is defined as 


= = Wo 
n Tr 


7)=253 


oN 


Py=2.585 


20 


Fig. Off-optimum 
864 


Table 1 Sample calculation 
V = 25,000 fps I = 300 sec ur = 2.585 
a =8 a. = 10 a, =8 
q = 0.05 ¢& = 0.05 g = 0.10 
T2 T3 BT cal 
0.15 0.160 0.0950 1.911 
0.20 0.203 0.1320 2.269 
0.25 0.257 0.1760 2.572 
0.253 0.259 0.1785 2.585 
or 


the maximum acceleration for a constant thrust stage will oc- 

cur at the end of the burning time and can be written as 

+ Wen Wonss + Won To 


In (1 + a@a7,) = In 


or from Equation [8] 


If the nondimensional final velocity is defined 


= > fa = In (1 + QaTn) — Tn. .. [14] 


= n=1 n=1 n=1 

Equations [6, 14] define the problem, and the variables 
that have been assumed known are a,, €,, and ur; hence, the 
problem that remains is to find the 7,’s that will give the mini- 
mum W,/W pay and will satisfy Equation [14]. The minimal 

solution is one that will satisfy the following equations (2) 
Wr 1 
Woay Ar O71 


Wr 1 Op 


== 15N 
Way her OTN OTN 


N N i 
In (1 + GnTn) — > T. — 


n=1 n=1 
= Lagrangian multiplier 


The solution of Equations [15-1 to 15N] is oe 


ay, 
1—€ 
An€n E E = | [16] 
An€En Qn 
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“Oa lesign conditions for sample problem 


| | | I 
4,710 My=25 

We 25 
Wpay 

20 80 

20] w \ 
15 
Woav 
40 
=20 €, =10 
30 
7 
2 3 4 5 
Wpay -——_] é Fig. 2(b) Parametric studies for similar stages—constant maxi- 
Peimees: 3 mum acceleration and structural efficiency 
4 
10 
| will be the smallest positive root. Once all of the burning | 


Is times are computed, a value for u, can be calculated; if this 

8 9 fe) calculated value does not agree with the actual value, the 

Any procedure is continued until the calculated and the actual 

i value agree. A sample calculation is shown in Table 1. The 
Fig. 2(a) Parametric studies for similar stages—varying maxi- results for this set of conditions are shown in Table 2. 

mum acceleration 


In Fig. 1 a comparison is shown for the off-optimum design 
conditions. It can be seen that much can be gained by taking 
care in the choice of the staging technique. In Fig. 2 the 


From Equation [16] the burning time of any stage can be effect of various parameters is shown for the case where the 
determined in terms of the burning time of the first stage. maximum acceleration and structural efficiency are the same 
Along with equation [15N + 1] we can determine the optimum for all stages. 


1 Malina, F. J., and Summerfield, M., “The Problem of 


The solution of Equations [15N + 1 and 16] can only be Jscape from the Earth by Rocket,” Journal of the Aeronautical 


done by trial and error. Ifa value for 7; is chosen, then 7», 7s, Sciences, vol. 14, Aug. 1947, pp. 471-480. 
:+-, Ty can be computed. Since Equation [16] is a quadratic 2 Hildebrand, F. B., “Methods of Applied Mathematics,” 
in ry there will be two solutions for 7,; the correct solution Prentice-Hall, New York, 1952, pp. 120-122. 
Table 2 Final results for sample problem 
=> 
| Payload weight = 1000 lb 
Stage Tn Mn Atn Won Wen Won Tn Veinat 
1 0.253 3.39 76 27,153 1427 40,500 107, 100 8, 260 
2 0.259 i i4.15 78 8,617 453 11,950 33,200 18,120 
3 0.1785 2.88 54 1,692 188 2,880 9,500 25,000 
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The Newtonian theory is used to study the stability of 
bodies of revolution at high hypersonic velocities such as 
may be encountered in the flight of satellites or the re- 
entry of high altitude missiles. The important stability 
criteria are brought out and the allowable approximations 
are studied. 
It is observed that configurations with cylindrical after- 
bodies exhibit two possible equilibrium trajectories. One 
is a vertical dive and the second is a glide at an angle 
uniquely determined by the location of the center of 
gravity. The latter is the only completely stable trajectory. 
This is brought about by the characteristic of the Newton- 
ian wake and it can be eliminated by using a truncated 
The impor- 


Several numerical examples are worked out. 


cone instead of a cylinder for the afterbody. 
tance of the drag force in determining the stability of bluff 
bodies is shown. 


Introduction 


N THE case of very large Mach numbers and values of the 

isentropic exponent approaching one, the surface pressure 

on an aerodynamic body can be predicted on the basis of the 

Newtonian impact theory (1).2 Although the theory is ap- 

proximate, its simplicity makes it an attractive tool for pre- 
liminary investigation. 

The Newtonian concept assumes that the shock wave 
lies on the surface of the body. The normal component of 
momentum of the flow is lost upon impact, and the tangential 
component remains unchanged. In consequence, the local 
pressure coefficient depends only on the local slope of the sur- 
face with reference to the relative wind. A refinement which 
accounts for the centrifugal forces in the disturbed flow is 
available (2, 3), but the magnitude of the correction is not 
very large (8). 

A recent study (5) of the accuracy of the Newtonian theory 
(as well as other approximate analyses) in predicting the 
pressure on nonlifting bodies of revolution indicates that for 
values of the hypersonic similarity parameter greater than 2 
the error in the pressure drag, as calculated by that method, is 
acceptable. Calculations were not carried out for values of 
the parameter greater than 2, but an extrapolation of the 
calculated points shows that even in the worst case investi- 
gated (the cone) an accuracy of better than 10 per cent is 
reached at hypersonic similarity parameters of the order of 
2.6. This indicates that the Newtonian concept is more than 
of academic interest; ballistic missiles and satellites now in 
planning may well fly for parts of their trajectories under 
conditions to which this theory applies. 

Grimminger (4) used the Newtonian concepts to calculate 
the normal and chord-wise forces on bodies of revolution at 
an angle of attack. However, he did not concern himself 
with the lift and drag, i.e., forces perpendicular and parallel 
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of Revolution at High Mach 


to the direction of relative motion. In hypersonic flow the 
drag force is large in relation to the lift. Moreover, the flight 
velocity is very large, the density is very low, etc., leading, in 
general, to a relative magnitude of forces, moments and ac- 
celerations that may be different from what is usually en- 
countered. This necessitates a thorough review of many of 
the commonly made approximations. In particular, the 
problem of dynamic stability is taken up in this paper. 
Several typical bodies are studied to show the controlling 
elements of the stability problem. It is true that some im- 
portant aspects of the analysis are lost in the oversimplifica- 
tions of the Newtonian concept of flow; for instance, the 
theory does not yield any information on the dependence of 
the force coefficients on the Mach number of flight, but only 
their value as the Mach number approaches infinity. Never- 
theless, the results are indicative of the character of the 
problem. 

The starting point for the calculations is Equation {1] 
which expresses the Newtonian hypotheses 


P — Po 


{1] 


This statement is valid only for the surfaces which “see” 
the flow. The approximation does not predict anything 
concerning the surfaces facing away from the flow; there, it 
must be assumed, the flow is completely separated and the 
local pressure p is equal to the free stream pressure po. This 
means that the local pressure coefficient in regions of ex- 
pansion-flow is zero and Equation [1], integrated over the 
forward-facing surface, gives the total pressure force acting 


on the body. . 


The Aerodynamic Coefficients 


A typical body of revolution is shown in Fig. 1 referred to 
its Cartesian axes. The origin of the coordinate system is at 
the nose, x is defined positive downstream, and y and z follow 
by the right-hand rule. The surface of the body is described 
in cylindrical coordinates r, x and 6, where the angle is meas- 
ured counterclockwise from the y-axis. The angle 6 is used 
to denote the local slope of the surface with reference to the 
Ox-axis. 

Let c denote the distance from the origin along the x axis to 
the center of gravity of the body. If the body is pitching at a 
rate gq about the y-axis through the center of gravity, then the 
velocity induced over the surface of the body is 


where 
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; Fig. 1. Nomenclature and coordinate system 

f 

positive z-axis and w along the z-axis. The angle of attack 
a is given by 

w 

a= [3] 
Following Equation [1] it is now necessary to calculate the 
component of the total velocity normal to the surface. If 


is the normal to the surface at any arbitrary point A, then 
from Fig. 1 the direction cosines of the normal 7, the free 
stream velocity Vo and the pitching velocity v are as shown 
| J in Table 1. 


Table 1 Direction cosines for body of revolution 
n Vo v 
x sin 6 COS a —(r sin 8)/R 
y —cos cos 0 0 
—cos 6 sin sin @ (x —c)/R 


The pressure coefficient is expanded in terms of the direc- 
tion cosines of Table 1 


V2 cos? (V7, a) = [Ve cos (Vo, x) + v cos (5, v)]?.... [4] 
and 


r? sin? B i 


= Rq (2 0)? + 


If we use the direction cosines from Table 1, the pressure 
coefficient becomes 
C, = 2 cos? a sin? 8 — 


sin sin 20[sin 2a — tan + x —c) cosa] + 


2 sin? B cos? 9 [sin a + . (r tan 8 + x —c)|?... [5] 
0 


For the particular case of axisymmetric bodies of revolu- 
tion, the slope of the surface is independent of the meridian 
angle 8. The body is uniquely determined by the co-planar 
coordinates r, z and @. The expression [5] can therefore be 
substantially condensed by writing 


r/2 


1+r” 


cosa — 


[sin 2a +2 (rr’ +2 —0)cosa|sin + 
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The force coefficients of interest are C, and C, which act 
normal and parallel, respectively, to the z-axis. These coeffi- 
cients will be arbitrarily referred to the maximum cross-sec- 
tional area of the body in question, which is s = mrg?. To 
obtain the force normal to the surface, the pressure coefficient 
times the element of surface (ds = [r/cos@] drd8) must be 
integrated with 8 and x. To decompose the total force into 
the normal and chord-wise components the appropriate di- 
rection cosines are used, so that 


2 
2re Jo TrB* Jo BL 
a= fe ‘dz = rr'CydBdx 
2re BL 


The limits of integration on 8 are defined by the condition | 
that C, = 0, in accord with the assumptions of the Newtonian — 
theory. However, the general solution for By and 6, from — 
Equation [5] is algebraically very involved. It is therefore 
more convenient to consider the limits in particular cases 
separately. In the work that follows we shall only need the 
following solutions: 


(a) The entire body surface ‘“sees’’ 


the flow: (Bc = 


+ 7/2; = —1/2) 
[sin 20 +2! + val 

rel+r? In 2a cos 

rel+r”? 

2 
E cos? + a+ (rr’ +2 —- at i} . . [8a] 
0 


(b) Only one half of the cross-sectional surface sees the 
flows: = 0; = —7/2) 


sin 2a +2 — c) cos a] 
2 1 
[sin a+ +2 - | 
= 4— 
teh 


2 
cos? a + | sin2a +22 (rr' + x — c) cos a| + 
us 0 


‘df 
In addition to the force coefficients, the pitching moment 
— coefficient is of importance. Considering the component of 
the force in the xz-plane normal to the radius R from the y- 
axis passing through the center of gravity to the element of 
surface, one derives exactly as before 


M 
Cal(rr’ +2 — cdr... 
ee 2r pl 0 = 


Before proceeding, it is necessary to specify the nature of 
the surface. One of the simplest nontrivial bodies of revolu- 


3 Since this article was presented for publication, Ref. (9) has 
been released. It contains a discussion of the stability derivatives 
derived by Newtonian theory and an interesting comparison of 
that approximation with potential theory. 
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tion which has direct application to hypersonic missiles and 
— is 7 circular cone. It is described by the rela- 


r’ = tan 0 = constant............... [10] 


Introducing this into Equations [7a, 8a], the integration re- 
sults in the following expressions for the three basic coeffi- 
cients 


l 2 
C, = cos? @ sin 2a + 2 (“) COS @ ( 
Vo 3 


C, = 2 sin? 6 + sin? a(1l — 3 sin? @) + 


2 


— cos 6) +i [11b] 


= — sin 2a cos? 0) 


cos a = + ial sec? [lle] 
18 


Because of the limits implied in Equations [7a, 8a] these rela- 
tions are restricted to the case where the entire cone surface 
has a component normal to the flow, i.e., to the case where 
6 > a. The first term of each of the above expressions is 
identical to the result of (4); the remaining two terms are 
due to the pitching velocity. The factor (3 — (c/l) cos? @) is 
associated with the location of the center of pressure in refer- 
ence to the center of gravity (about which the moments are 
taken): For instance, when g vanishes 


which exemplifies the contribution of the chord-wise force to 
the moment. Only for a vanishingly small cone angle is 
the center of pressure located at 3 of the chord. As the cone 
angle increases, the center of pressure moves rearward. Its 
location has an important influence on the stability of the 
body. It can also be noticed how the center of pressure is 
shifted when the pitching velocity is different from zero. 


Likewise, it is not possible to disregard the contribution of 


the chord-wis ise force to the lift and drag. These are given by 


C, sina + C, cos a@ @\ 
The init ial slope of the lift coefficient curves is a i 
= 


For slender cones this reduces to the results of (4), but for 
finite semivertex angles it differs substantially from them. 

The variation of C;, and C>p is shown in Fig. 2 for @ = 30 
deg. The curves have a shape which is surprisingly similar to 
their low speed shape, including a maximum lift coefficient, 
but this is entirely coincidental. It is also interesting to 
note that there exists an angle for which the lift to drag ratio 
is optimum. 
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Fig. 2. Aerodynamic force coefficients for a cone with a semi- 


vertex angle of 30 deg 
7 
Stability Conditions 


A balance of forces and moments on a body in flight results 
in a quartic whose coefficients govern the dynamic stability 
of the motion. Detailed discussions of the problem are found 
in (6and7). The motion will be stable when 


The relation between these coefficients and the aerodynamic 
derivatives appears in Table 2. 

In writing out the stability problem for Newtonian flow, 
several terms deserve attention. The quasi-steady ac- 
celerations Z;, and M,, do not appear because there is no inter- 
action within the flow field. The derivatives with respect to 
the flight velocity Cry, Coy and Cy are zero, which is in- 
herent in the Newtonian approximation. However, the usual 


Table 2. The coefficients of the stability quartic 


b/K = Cp 
3P 
+ 3 (Cra + Co) 
~ 
+ Cun Le 
- iP Co + Co) 
3 Ci(Cpa — C1) 
+ 3 Cr(Cra + Co) 
d/K* =), + (g/VK)APQ Crna sin 4% 
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assumption that the forces are not dependent on the ac- 
celerations is not so obvious for hypersonic flow. If these 
accelerations are not too large, then their effect can be viewed 
in terms of a “virtual mass” of the accelerating body, and 
their neglect may continue to be justified. The virtual mass 
is proportional to the mass of the air displaced and is inversely 
proportional to the flight velocity. Because of the probable 
magnitude of these terms, the virtual mass is very small and 
it is reasonable to suppose that its effect on the aerodynamic 
force structure will be negligible. This will be assumed in 
what follows. 

The terms of the stability coefficients contain factors de- 
pendent on the flight condition and the aerodynamic deriva- 
tives. The latter are functions of the geometry of the body 
and, for reasonable geometries, their magnitudes are of the 
order of one, as numerical examples discussed subsequently 
demonstrate. The former, which are 


(ar 


m 
ml? 
m 
| 


have magnitudes of the order of 10~!, 1 and 10°, respectively, 
for typical hypersonic flight conditions. 

Consequently, if Crna is not zero (that is, away from the 
point of neutral static stability) the important terms of the 
coefficients of the stability quartic are 


+ Cra + = KA | 
1 
= — 672) ro 
K*PQCna = K*QC 
[16] 


— Ee sin — 


K*POC [Cp sin 0. — Cz cos A] = 


KAQCIC sin Cx c08 


The factors A and C are of order one. In an equilibrium 
unaccelerated flight for which the static force balance (as- 
suming small angles of attack) gives 


D = —mg sin 
[17] 
Routh’s discriminant can then be written ; 
te 
3 A? Cp(1 cot?) 


The third term is very small as long as cot? is reasonably 
small. This is so from the vertical dive (0 = 90 deg) to at 
least a 45 deg glide, for which case that term is actually zero. 
Equation [18] reduces then to the simple condition = 


1 
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. [19] 


tion of both z and gq. Instead, let us assume a spherical 


which is valid for an unaccelerated, reasonably steep dive of ieee 
statically stable body of revolution. a 


The Stability of a Cone 


Under the assumption of vanishing pitching and small angle ~ 
of attack, so that second order terms in a@ can be neglected, | 
the stability derivatives for the cone are nS) 


Cp = 2 sin? 0 
1 
Cir = cos 26 = aCia = 3 Pa 
2 
Cn = — ( cos) = 
3 l 
QC ma = 
2 2 1 
Cmq = — 2 sec? | (? cos? + 


A conical body is capable of steady equilibrium flight only | 
at zero angle of attack, since only then the steady state pitch- | 


ing moment is zero. The static stability margin is 
ton 


Cma Cna 


Cue Cla Cb 


2 c 
= — (1 + tan? @) cox 8) 


and it is negative only if the center of gravity is located for- _ 
ward of the center of pressure. 

If the cone is homogeneous, the center of gravity is located 
2 of its length from the apex. It is statically unstable unless 
its half-angle is larger than 19.5 deg. For example, a 20 deg 
half angle will provide approximately } per cent static stabil- 
ity margin. The dynamic stability coefficients for such a 
cone are subject to the assumptions in Equation [19] be- 
cause, although Cre is small, QC na (105 K 107) is still 
very large in comparison with the other items. 

The cone in this example is stable provided it is diving 
(sin @ is negative). It can be said quite generally that [19] 
will be satisfied when the lift-curve slope is positive because 
Cma is always negative. However, when the cone angle is 
larger than 45 deg Cna becomes negative and then it is — 
possible to stipulate a condition for which the dynamic stabil- — 
ity will break down. For a homogeneous cone this will occur 
in the limit as it approaches a plate (@ approaches 90 deg), — 
but it may occur sooner if the mass distribution in the body is — 
such as to make P sufficiently small. 

At the neutral stability point Cra = 0 and all terms con- 
taining Q vanish. The coefficient e is zero and there will ex- 
ist one neutrally damped mode of oscillations. Equation 
[19] does not apply and account must be made of all the re- 
maining terms. Inspection of Table 2 shows that they are all 
positive and Routh’s discriminant is identically positive. If — 
one now considers this case as the limit when QC na is small (so 
that the coefficient e is positive approaching zero), the cone — 
remains dynamically stable to the limit of its static stability 


provided Equation [19] is satisfied. at 


A hemisphere is an interesting example of a blunt body. _ 
Dealing with it, however, is algebraically very involved, be- 
cause the limit of the surface which ‘‘sees”’ the flow is a func- 


The Hemispherical Forebody 


sector of half-angle yo such that (7/2 — Yo) is smaller than 
the net induced angle of attack due to inclination to the flow 
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| 
+... (20) 
| 
Da 


and pitching. Then By = 2/2 and Equations [7a, 8a] are a 4 i 
applicable with the substitutions ce tic 
ae 
r = psiny Its 
rp = p sin vo tw 
x = p(1 — cosy) 12 diy 
10° 
of 
One obtains 20 
10 
1 
c cit 
C, = si 2a + (: ) cos sin? Yo ! 
p 
cos? a (1 + cos? Yo) / 
It follows,‘ for a vanishing and 
Cr = Ca = Cog = Ca, = 0 
Cp = 1 + cos? Yo rx 
Cna = —Cig = - ) sin Yo [22] 2 
»\2 
Cug = — (: sin? Yo q 
p o¢,, DEGREES 
Fig. 3 Equilibrium angle of attack for a gliding cone-cylinder 
The spherical sector behaves similarly to the cone. It has as a function of the location of the center of gravity 
only one equilibrium flight condition for which the moment 
vanishes which is statically stable if ¢/p < 1 and sin 6 = — 1, ‘ 
that is, a vertical dive. However, there is this notable dif- te 
ference: The lift curve slope is negative for all values of the afte 
sector half angle. Equation [19] requires that tior 
ter! 
, 2 al 
P (: [23] F 
p 10 « 
[25 
which indicates (for a given position of the center of gravity) 5.7 
that large half-angle sectors will be dynamically stable while It is evident that the dynamic stability of the cone-cylinder stre 
“slender” sectors will not. is identical to that of the cone itself (for a given location of con 
This constitutes a good example of the importance of the the center of gravity) when the angle of attack a» equals zero. CL 
drag force in Newtonian flow. All of the coefficients and their derivatives for the cylinder Equ 
vanish and the afterbody contributes no force or moment is 3 
i ao : regardless of its size relative to the nose. shif 
= The Cone-Cylinder - However, if the angle of attack is allowed to increase, the run 
a _ - contribution of the cylindrical afterbody grows more rapidly T 
Suppose that a conical nose is followed by a cylindrical than that of the cone. There will be a definite angle of attack this 
afterbody. The force coefficients for the cylinder can be where the moments about the center of gravity cancel, pro- gray 
readily obtained from the Equations [7b, 8b] by inserting vided the c.g. lies between the c.p. of the cone and that of the 
characteristic values the body. This will occur when ~ 
1e 
gray 
r = rg = const, r’ = 0, Br = 0 not cos? 6 resp 
M nose Cn nose “ot TR valu 
The chord-wise force is identically zero.. The normal force Mey fl c dete 
is —2—+4+2cot 0 
rp TR plies 
=-1 [25] num 
C. =- sin? a + (“ ( ‘ 
3m TB 9n re \Vo h At a = 0, such a cone-cylinder is statically unstable. How- f 
8h (gh ever, aS increases, its static stability increases until the 
: 1-2 sin @ seco 
3m re \Vo neutral point is reached when 
and the other force and moment coefficients, for vanishing ‘ afte 
pitching, are’ = cot 0 — — cos? 6 
Cna nose l 37 ‘ TB 
* The moment coefficient is referred to the radius of the gene- cdc ial as (: —2— + 2cot 0) | 
rating sphere p. TB \TB "B refer 
5 The moment coefficient is referred to the length of the 
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It is evident that, whatever the geometry of the cone- 
cylinder, Equation [26] is satisfied for a smaller a than Equa- 
tion [25]. Therefore, there will always exist an angle of at- 
tack a» where statically stable trimmed-out flight is possible. 
Its magnitude will vary with the location of the center of grav- 
ity. Fig. 3 shows this variation for a sample cone angle and 
two cylinder fineness ratios. The above specified conditions 
imply of course that there is finite lift. Therefore a direct 
dive is not possible. The body will follow a path on which an 
equilibrium between the lift force and the opposing component 
of the gravitational acceleration is established. 

Assuming now that the trimmed-out angle of attack is 
small so that only first-order terms are retained, the coeffi- 
cients for the cylindrical afterbody become 


Note that the approximation introduces an inconsistency 
whereby the moment contributions due to the nose and the 
afterbody do not cancel (as they should from the exact rela- 
tions). However, this is inconsequential since all stability 
terms containing C,,, are much smaller than the others. 

For a cylinder dimension 1;/rg = 10, a cone half angle 6 = 
10 deg and a trimmed-out angle a = 3 deg, from Equation 
[25], the position of the center of gravity must be c/rg = 
5.790. Note that the center of gravity is somewhat down- 
stream of the conical nose. A sketch to scale of the assumed 
configuration appears in Fig. 3. 

In this example the flight-path angle 4 as computed from 
Equation [17], i.e., for an unaccelerated equilibrium flight, 
is 32.3 deg. It is surprising to find how a relatively small 
shift in the location of the center of gravity alters the equilib- 
rium trajectory. 

Thus, two flight-path angles for equilibrium are possible for 
this configuration. The first one occurs if the center of 
gravity of the body is forward of the center of pressure of 
the nose, and it is still the vertical dive. The dynamic 
stability is then controlled by the geometry of the nose only. 
The second equilibrium condition occurs when the center of 
gravity is aft of the center of pressure of the nose. Cor- 
responding to it there is a unique angle of attack and a unique 
value of the lift force; consequently the body will follow a 
determined trajectory. Since Equation [19] remains ap- 
plicable, it is easy to see that the second trajectory is dy- 
namically stable (in fact, more so than the first one because 
is much larger).6 

A very interesting peculiarity of the Newtonian flow force- 
ficld is notable for the nose-afterbody configuration. The 
second equilibrium condition (at an angle of attack) disap- 
pears if instead of a cylinder a truncated cone is used for the 
afterbody. This is because, provided that the total angle of 


° In the calculations, account must be made for the proper 
ae which enter the definitions of moment co- 
efficients. 
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= 
8 c 
Crna = —Cy = — —2— +2 cot 0 
16 l 
= 3 (5 cot 8) + 
Or Ts TR 
‘ 


attack does not exceed the half-cone angle of the afterbody, 
the moment contributions of both the fore and aft sections 
grow linearly with angle of attack and do not cancel (except 
at a = 0). Only when the upper half of the afterbody be- 
comes submerged in the Newtonian wake (as is the case with 
the cylinder), the rates of change of the contribution of the 
afterbody and the forebody to the moment with changing 
angle of attack differ, and it becomes possible to establish 
an angle of attack different from zero at which they cancel. 
The behavior described above will be also exhibited by 
bodies with other nose geometries such as spherical sectors or 
ogives. Also, horizontal control surfaces (flat plates) will 
act in a manner similar to that of the cylindrical afterbody. 


Simplification of the Stability Problem 


Equation [19] permits the evaluation of the dynamic 
stability of most probable (axisymmetric) airframe configura- 
tions under the conditions stated. 

Conversely, a common approximation which consists in 
factoring the stability quartic into two quadratics (repre- 
senting the phungoid and short-period oscillations, respec- 


tively) is not generally valid in hypersonic flow. This ap- 
proximation can be made only if (7) 
2, 
b 
c? >e + db — a 


Using Equations [16], assuming unaccelerated flight and a 
large value of Q, the inequality condition reverts to the con- 
dition that Routh’s discriminant be very positive (see Equa- 
tion [19]). This may be true for a slender cone or cone-after- 
body configuration, but it is not satisfied for any reasonable 
spherical sector. For instance, for a homogeneous hemisphere 
it would be necessary to agree that */e, >> 0 which is not a | 
very good approximation. 
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Formulas are derived in ae paper relating thermal 


stresses to the temperature distribution in an infinitely .- 


long, hollow cylinder, bonded at its outer surface to a 
cylindrical shell, when the temperature of the outer shell is 
suddenly changed. Approximate relations are then ob- 
tained for the case of a thermally thin, but elastically 
thick shell corresponding to the practical configuration 
of a plastic propellant “‘grain,”’ case-bonded to a metallic 
shell. It is argued that, for the heat problem considered, 
the stresses will be monotonic functions of time, and hence 
the maximum stresses will occur either initially or finally. 
Since the temperature distribution can be simply de- 
scribed in these limiting cases, simple formulas for the 
stresses can be written down. The solutions given in the 
paper for an infinite cylinder may be expected to approxi- 
mate the stresses in a long but finite cylinder in ee 


where end effects can be neglected. ed 


Nomenclature 


a = inner radius (unstrained) of grain Hi dia Vs 

b radius of grain-shell interface 

c = outer radius of shell 

d = constant of integration 

e = trace of strain tensor 

e; = unit vector in the tangential (as opposed to radial or 
axial) direction 

F, = axial force (assumed to vanish) Sat 7" 

I = unit tensor ras 

k = unit vector in the axial (z) direction a 

k = aE /(1 — oc), stress parameter 

nd a/b (diameter) ratios of shell-grain configuration 

T = temperature variation from initial state 

T = temperature integral 

t = trace of stress tensor 

u = displacement vector 

Up, z = radial, axial components of displacement 

z = axial coordinate 

a = linear coefficient of thermal expansion 

= interface parameters 

€ = strain tensor 

= temperature parameter 

r = E/(1 + oa), stress parameter 

p = radial coordinate 

Ve = unit vector in radial direction 

o = Poisson ratio 

%p,t,2 = radial, tangential, axial stresses 

T = stress teusor (components 7z2 = 2, Tpz, etc.) 

= mean temperatures in grain (1) or shell (0) . 


= axial strain (used as a parameter) 

T he subscripts 1, 0 refer to the grain and shell, respectively. 

Introduction 


HE problem considered here concerns 7 stresses which 
arise in a concentric annular cylinder of infinite length, 
bonded at its outer surface to a cylindrical shell, when the 
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Thermal Stresses in an Infinite, Bonded 
Cylinder 


ZWICK! 


temperature of the outer shell is suddenly changed. The 
inner surface of the cylinder is supposed to be thermally 
insulated. It is assumed that the system is free of stress in 
its initial state;? such would be the case if enough time were 
allowed (before the temperature change occurs) for viscous 
flow to relieve any stresses which might have been present 
in the materials. However, viscous flow will not be con- 
sidered in the problem. Thus, when thermal equilibrium 
has again set in, the system will in general be under a residual 
stress. 

In treating the stress problem, the quasi-steady-state ap- 
proximation will be used: The stresses correspond to the 
instantaneous temperature distribution. This approximation 
omits the possibility of the propagation of elastic waves, but 
the error involved is not important for the situation consid- 
ered. The time then enters the stress equations only as a 

_ parameter in the temperature distribution; this dependence 
_ will be suppressed in the analysis. 
In the discussion to follow, we shall be mainly concerned 


perature distribution. So long as the displacements due to 

the thermal stresses are not large, the temperature distribu- 

d tion can be obtained by solving a problem completely separate 

_ from the stress problem. We assume that the heat transfer 

_ problem has been solved, and consider the temperatures to be 

known at the instant of time for which the stress equations 

are written. From the description of the problem given 

_ above, it is evident that the temperature field at a given time 

__ will depend only on the radial distance from the axis of 
_ symmetry of the system. 

The practical problem, for which this investigation was be- 

gun, is that of thermal stresses in a hollow, case-bonded, 

rocket propellant casting. The inner cylinder is then con- 

structed of a plastic material, and the outer cylinder is metal- 

lic. With this configuration in mind, we shall find it con- 

venient to refer to the inner cylinder as the “grain” and the 

outer material as the “shell.” However, except for the final 

sections, in which physical assumptions pertinent to this 

case are made, the analysis is quite general. The solutions 

for the infinite cylinder may be expected to approximate the 

stresses in a long, but finite, cylinder in regions not too near 


the ends. 


Because of the cylindrical symmetry of the configuration, 
the (vector) displacement u of the material from its initial 
position can, at any point, have only an axial (z) or radial 
(9) component, and can depend only on the coordinates z 
and p (see Fig. 1). Hence the rotation vector Vu will have 

only a “‘tangential’’ component (be everywhere tangent to the 

_ circles of constant p), and so can be represented as 


7 with the stress relations, and only incidentally with the tem- 


Equilibrium Equations 


V Xu = —kXVf(p, z) = VXkf 
where k is a unit vector in the z direction. It follows by in- 
2 Gravitational or accelerational stresses are ignored. 
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tegration that u differs from kf only by the gradient of a 
scalar 


For an infinite cylinder, the radial component of displace- 


ment u, = O0g/Op must be independent of z 
g (p, 2) = v(p) + w(z), say........ [2] 


and the axial component of displacement u, can (by a suit- 
able choice of origin) be taken proportional to z. Thus, from 
Equations [1, 2] 

= fp, 2) + w'(2) = | 
or 


f(p, 2) = 2@(p) — 


where w’ = dw/dz. Combining Equations [1, 2 and 3], we 


obtain 


= Vo(p) + [4] 


from which the terms involving w(z) have disappeared. 
The strain tensor (in dyadic form) is given by® 


1 
in terms of the gradient of 
Vu = + (kd + z 
and the transposed tensor (Vu)’; thus » ; 


= + + Vo + Vok) 


The stress-strain relation for an isotropic material under 
thermal stress is given by 


4 1 


where o, Z and e@are the Poisson ratio, Young’s modulus, and 
linear coefficient of thermal expansion of the material; 7 
is the temperature change from the initial state; and the 
symbols 7, ¢ and J here represent the strain tensor, its trace 
(diagonal sum) ¢ = 2,74, and the unit tensor. By solving 
Equation [7] for the stress tensor, one obtains 


oe —a(1l+oa)T 

: 


= tr €) = = 
° For the definitions given here of the strain and stress tensors 
(Equations [5, 7]), the equilibrium Equation [9], and the bound- 
ary conditions, we may cite Timoshenko and Goodier (Refer- 
ence 1) as standard reference. Some translation may be needed, 
however, since this vom uses the long notation. 


4 


It is supposed in the following that a, o and FE (and hence 
d) are independent of temperature, or have been given appro- 
priate mean values. 

For the material to be in equilibrium under stress, the di- 
vergence of the stress tensor must vanish at each point. 
From Equations [8, 5], this condition can be written 


The curl of this relation is 


according to Equation [4], and this must also vanish. Thus 
= be a function of z alone, and there- 
fore 


must be a constant. Then, from Equation [4] 


= V%(Vv) + k(2Kz) = 


+ Vo 


oe — al 
1 — 20 


V(V%» + Kz?) 
and 
V(V-u) = 


and Equation [9] reduces to 


V:7 = AV +5@ + Kz*) + | 


or 


AG + Kz*) + = const. . [11] 
1 — 
In Equation [11], », @ and T depend only on p, while from 
Equation [6] 


Hence, Equation [11] cannot hold unless the term involving z 
vanishes, and this requires that K = 0 in Equation [10]. 
The solution for @ will then be of the form 


If the inner diameter of the grain is zero, the In p term in @ 
would make u infinite on the axis (see Equation [4]) unless 
C = 0. If the inner diameter is not zero, the boundary con- 
dition at p = a is that the normal (radial) component of the 
stress tensor vanish there. The radial stress is given by 
T. = Vp-r (Vp being a unit vector in the radial direction), 
and the z component of this is 7,2, = Vp-r-k. According to 
Equations [8, 6], = = $A2'(p), which becomes 


const + C In p 


Cc 

Tpz = 4Azh'(a) = 

If this is to vanish, we must again have C = 0. By a simi- 
lar argument, C’ must vanish for the shell. Thus @ must in 
any case be a constant. 

It is convenient to choose the constant in Equation [11] 
so that Equations [11, 12] give 
k 
x [7 + (1 — 20)6 


V2» = [13] 


where 


and @ is another constant. 
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Expressions for the Displacements and Stresses 


es first integral of Equation [13] can be written 
= pop + —..... [14] 


where 


and d is seinen of integration. The lower limit of integra- 
tion for the temperature integral T in Equation [14] may be 
taken to be p = a for the grain and p = c for the shell (so 
that T = 0 at the free boundaries). 

To compute the stresses, we need 


v’ 
p p 


(V%) VeVp (Ve — 


VeVe 


= Vio + kz) — kk =/ — kk 


The unit tensor is conveniently written as] = VpVp + kk + 
€,€:, where e; is a unit vector in the tangential direction at 
each point, so that 


Ve = VpVp + ere: 
With the aid of this relation and the expression for VV», 


we find from Equation [6] that a 
k 


+ (1 — 20)6] — of + lee — VpVp] 


+ 


+ 


= = (7 + (1 — 20)8] + (1 — 


>| 


The stresses may next be found from Equation [8], and the 
displacements from Equation [4]. After some reduction, 
these become 

d ) 


Op = Top = ~ KO — T) - 

1 d 5 
2 p? 
= te = EG 08) 


Noi — 


po — 


4 — a8) + 


ee, aE 


l+o 


Ve. 
Boundary Conditions 


A 
At t e free surfaces p = a,c, the normal stress o, must 


b between the shell and 
Because 


vanish; while, at the interface p = 
the grain, the normal stress must be continuous. 
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the grain is bonded to the shell at p = 6, the shell and grain 
displacements must also be equal there. One further condi- 
tion is needed to specify the problem. We take this to be the 
requirement of dynamic equilibrium: No net force (due to 
the thermal stresses) is present which would tend to translate 
the system along the z-axis. Any other force components 
will automatically vanish because of the cylindrical symmetry. 
For the case a = 0 (solid grain), the radial component of 
- displacement must vanish on the axis, and hence po, must 
-_-vanish at p = 0 by Equation [16]. 
The continuity of displacement and normal stress at the 
interface p = b will hold, by Equation [16], if the constant 
is the same for both media, and if 


E\(@ — + o, Evo — + 


at p =. Here the subscripts 1, 0 will be supposed to refe: 
to the grain and shell, respectively. Equation [15] show: 
at p = b 


d, d 


The vanishing of ¢, at, = a and c will follow if 7 ! 


since 7, and Ty are defined to vanish at the respective free 
boundaries. Provided 6, remains finite as a > 0, the first oi 
Equations [19] indicates that, for a solid grain, d, should be 
taken equal to zero. This choice for d, will make po, vanish 
in the grain as p > 0, according to Equation [15], so that the 
case of a solid grain can be obtained from that of an annular 


grain by letting the inner diameter of the grain tend to zero, 
and need not be treated separately, provided 6, remains finite 


asa— 0. 
Finally, 
written 


1 


= (b? a6, ) y+ T, 
+ (c? — + + b*ko 


the condition for dynamic equilibrium may be 


0. . [20] 


where 
b 
b*T, = 2 f pTdp = p*T for the grain 
a p=b 
b | 
b?7) = 2 ff pTdp = 
p=b 


It will be noted that, as defined, 7» is negative when 7 38 


for the shell 


positive in the outer shell. 
According to Equations [18, 19] 
= (b* — — BAT, 
=e (6? — — Dolo... [22] 


By using Equation [22] in Equation [20], one can therefore 
reduce Equation [20] to 


(b? a*)E\(b = (b? — c?) [23 | 


It is convenient to write 


a = mb c=Mb , 
and put -4 


T, = (1 — To = (1 — M*)r....... [24 


so that 7, and 7» give the average temperature in the grain 


and shell, respectively. With these definitions, the boundary 


relations in Equations [17, 22, 23] become 
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2a, = (1 — m*)ki(6, — 71) = (1 — M*)ko(O — 70)..... . [25] The stress and displacement values can be evaluated in 

: terms of ,, % and @ from Equation [35] if the temperature 

(1 — m*)Ei(@ — = (1 — M*)Eo( — [26] distribution is known. Since none of the parameters in 

7 : . Equation [35] is singular when m = 0, the stresses in a solid 
— + = — + 2op]...... [27] grain are included in the solutions found here, and are ob- 


a system of three equations for the three unknowns ¢, 6; and 
Mp. 

To solve the system, we introduce a set of parameters 6), 
do, wi and yo, defined by 


tained by formally setting m = 0 in Equations [35, 24].‘ 


Solutions for a Special Case 


+ Bid = + Kobo. It is ordinarily true that the shell material is much “stiffer”’ 

= than the plastic used for the grain, i.e., Ey) >> E;. Hence, if 

@ = — = — [29] the shell is not too thin, M = c/b will be sufficiently 

Then Equation [25] becomes than unity for the parameter : 7 
(1 — = (1 — (= 20,)...... [30] — m?) _ (1 — (1 + 
~ —1) Ey (M* — 1) (1 + 
while Equation [26] gives < 

The last of Equation [35] then shows that 60/6; is of order 

1 — = (1 — M2)E 

q ( = e?, and hence that the products Eodo, kod) are of order e€ in 


comparison with The factors — 
kip), AoHki(aoHy — ko) in the denominator of 6; (or do) are 
about of the same order of magnitude, but the latter is multi- 
plied by an additional factor of € in Equation [35]. 
k — = When is sufficiently small, one may toa first approxima- 
ees tion neglect terms of relative order ¢ in Equation [35]. The 
+ (1 — M?)].... [31] equations then yield 


whence, by comparison, = fo = Say. 
The substitution into Equation [27] of the appropriate ex- 
pressions for @ and 2¢, from Equations [29, 30] then yields 


Put 
= 0; 00 = To; = = QoTo; = 4 (1 — m?) 
= QoTo — 2 QoTo — 


Qu = (1 — m*) — (M2 — 5 ; _2 
— 21 — — (1 — ..[37] 


€ 
1 
(1 — M?) + (M? — m?) _ 21 — — (1 — m?*)aut, 


in terms of an auxiliary parameter e. Then, from Equations 
(31, 30] we find that 


Using the definition of @ and 6, in Equation [37] (and aF, 
= (1 — o;)k,), one obtains for the combination appearing in 


Ai(1 — m?) 
— 1) 

and hence from Equation [30] that Qo 

1 
Finally, 6; may be found in a straightforward way from Equa- 1 
tions [28, 29, 34] in terms of the known parameters and — + (1 + 
(see below). 
Collecting the results, we have 
ish 2 In the approximation considered, the formulas for the 

d 1 24.8 a 1 np stresses in the grain thus reduce to 


where 2u = (1 — m?) — (M? — m?) : , 
> [35] 


= 


2 
(+2 2] 
2 \To To [38] 
1 


~ 
and 
a pen v Here, 7; and 7 give the average temperature in the grain and | 
0, = | > 
ak, — k — k 
ot) 4 The stresses in a free (i.e., not case-bonded) grain may simi- 


larly be obtained by letting M tend to 1. This case has been 


bo = — 61 eussed by Geckler (Reference 2), on the basis of temperature 
solutions presented by Jaeger (Reference 3). 
| 
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1 
’ 


shell, respectively, 7 is the actual temperature at the point At time t = 0+, T = 0 for p < 6, while T = To (=70) at 
for which Equation [38] is written — p=b. Thus,7 = 7, = 0,and 
2° 


1 — giving for the initial stresses 


The case of a solid grain is obtained by formally setting a 


1 a? 
= 0 in these equations. = (: 
: = kiTo (+) (: + “) [40b 
are Initial and Final Stresses From [38] a eit 2 To p? 
The formulas developed above give the stress distribution o, = : kiTo ( ! (1 + m?) 
at any instant of time, in terms of the temperature distribu- . . ‘ 
tion at that instant. What one usually requires, however, is 7 F 
not the instantaneous stress distribution but the maximum for p < b (t = 0*), while Ab ae 
stresses—in order to determine the possibility of failure of ; : 
the case-bonding, for instance, or the possibility of cracks de- 
veloping in the grain. For the problem considered in the >= mts ( :) (1 — m*) 
introduction, it appears that the maximum stresses in the 


grain will occur either initially or finally.’ 


5 By “‘initially’’ here, we mean at time ¢ = 0+, say—after the 
(metallic) shell has come to thermal equilibrium’ at temperature 
To, but before significant heat transfer has taken place in the 
grain. By “finally’’ we mean after the grain has come to thermal at 
but — due to vis- at p = b (t = 0*). 
cous flow has occurred in the grain (see the ntroduction). i = © = = = sc 

The heat problem then reduces to that of a concentric annular 


= thermally insulated at its inner surface, which is in - 
rmal equilibrium at = 0. Att = 0+, the temperature 2(1 — — 
— QiTo 


T 
| 
(1 + m?)-—2]?...... [40c]} 


+ m?) -2] 


at its outer surface is suddenly increased by an amount a- m) 


Thus 
The final st therefore reduce to 
107 e final stresses therefore reduce 
or 1 ) 
where D represents the thermal diffusivity of the grain material | - 1 | 
and we have for brevity denoted (1/D)(0/dT) by a dot. kT 
For the statement above to be true, the stresses must og | 
monotonically with time. It is sufficient to consider the case 1 T 6; 
Since 7) = 0 and 7’ > 0 for ¢ > 0+, it is easily shown that the ene wa } nant 
quantities 
2 fe . 207 : - a<p<b(t—o). Ifthe grain and shell should happen 
Pe f P dz == 557 (1 — m*)in = T(b), —6 to have the same linear coefficient of thermal expansion, the 
stresses would evidently have to vanish when the system 
— os, | reaches thermal equilibrium. That this will be the case (for 
—(1 + m?)6 — (1 — the model used) may be seen from Equations [4la, 41b]. 


will be increasing functions of time, and hence that after 1 = 0+ When a = a, Equation [41a] gives 6: = 7» = To, and there- 


(after the initial stresses due to shell expansion are applied), the fore the stresses in Equation [41b] vanish identically. 
longitudinal and radial stresses will decrease: gp, o. < 0. It is 


a more subtle matter to show that the tangential stress is also a a co. 
function of time (unless m? > 1 — 2 However, it 
appears that, for the problem considered, 0*7'/dp? is either posi- 


tive, or else has its least value at p = b. In either case - » 


2 = * = 27 —T > (2T — Th» = —T(b) = —(1 — m*)i, The author wishes to thank Richard D. Geckler of Aerojet- 
Then General Corp. for suggesting the problem discussed above, 


and for his encouragement and constructive criticism during 


+s 1 a? the course of the 
a= ares 


1 Timoshenko, S., and Goodier, J. N., “Theory of Elasticity,”’ 
McGraw-Hill, New York, 1951. 

2 Geckler, R. D., “Thermal Stresses in Solid Propellant 
Grains,’’ JeT PRoPULSION, vol. 26, Feb. 1956, pp. 93-97. 

sie : 1, i 3 Jaeger, J. C., “On Thermal Stresses in Circular Cylinders,”’ 
which negative for Philosophical Magazine, Series 7, vol. 36, 1945, pp. 418-428. 
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One method of establishing a protective liquid film be- 
tween a flowing gas and the walls of the flow passage is by 
the injection of the liquid through a slot in the passage 
walls. The effects of liquid injection velocity, gas velocity, 
slot geometry, liquid physical properties and gas density 
upon the film attachment are examined experimentally. 
A correlating equation based upon momentum exchange 
for the case of radial injection is presented. 


angle of injection slot 
liquid density 
gas density 
liquid surface tension = 
liquid or gas viscosity 


Nomenclature 
b = slot width yi 
D = test section diameter or 4 times hydraulic radius 
V, = velocity of liquid through slot 
V,*= critical velocity of injection 
V, = average air velocity in test section 
Re, = air Reynolds number 


Introduction 


7. phenomena of the flow of a thin layer of liquid, here- 
after termed “film flow,” over a solid service is en- 
countered in many engineering processes. In the rocket pro- 
pulsion field thin layers of liquid have been used as ‘“‘a film 
coolant” to protect the inner surfaces of rocket motors from 
extremely hot combustion gases (1-3).4 The external surfaces 
of high velocity missiles might also be protected from ‘“aero- 
dynamic heating” by the use of a thin layer of liquid as a film 
coolant. As part of a fundamental investigation of the 
phenomenon of film flow at the Jet Propulsion Center of 
Purdue University, an investigation, initiated in 1948, has 
been conducted of the parameters which affect the attach- 
ment of a liquid film to the inside surface of ducts through 
which air is flowing (4-9). In the experimental program at 
Purdue the liquid film has been produced by injecting the 
liquid through spaced parallel disks, hereafter termed the 
“slot.” The effect of various liquid and gas physical proper- 
ties and various physical dimensions on the ‘critical velocity 
of injection’’* has been determined. The purpose of this paper 


Presented at the ARS Fall Meeting, Buffalo, N. Y., Sept. 
24-26, 1956. 

! The investigation reported herein was performed in connec- 
tion with Contract No. N6 ori-105 T.O. III, Phase 11 for Project 
SQUID under sponsorship of the Office of Naval Research. 

2 Professor of Mechanical Engineering. Mem. ARS. 

3 Associate Professor of Mechanical Engineering. Mem. ARS. 

* Numbers in parentheses indicate References at end of paper. 

5 The “critical velocity of injection’”’ is defined as the mean 
liquid velocity flowing 0 Sed the injection slot corresponding 
to the maximum rate of liquid flow obtained with no visible 
separation of the liquid film from the surface of the test section, 
hereafter referred to as Vi*. 
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Investigation of the Factors Affecting the 
Attachment of a Film to a Solid Surface 


is to summarize the results of the experimental investigation on 
the film attachment phase of the film flow study and to 
present an empirical equation based on momentum exchange 
that correlates the results of the investigation with two- and | 
three-dimensional flow fields. 

Investigation of film attachment was carried out in both 
two- and three-dimensional flow fields. In the two-dimen- 
sional test section the liquid was injected through a slot in © 
the bottom of the test section. In the three-dimensional test _ 
section the liquid was injected through a slot that was formed — 
on the inner periphery of the duct. 

The parameter selected as the criteria of film attachment 
was the critical velocity of injection. At a constant air ve- | 
locity the critical velocity of injection V,* was determined by 
gradually increasing the velocity of injection until the liquid 
film was observed to separate from the downstream side of | 
the slot. At liquid velocities less than the critical velocity of — 
injection the injected film is caused to bend and flow along | 
the solid surface by the physical action of the gas stream with- 
out separating from the solid surface. At some veloc ity of 

— 


Fig. 1 Slot configurations = 
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Fig. 2 Effect of air stream velocity and slot width upon the 
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Fig. 3 Critical velocity of injection vs. air velocity showing the 
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Fig. 4 Effect of air velocity upon critical velocity of injection for 
various angles of injection 


injection the liquid film separates momentarily from the sur- 
face, but is reattached just downstream from the slot. The 
liquid velocity at which the separation occurs is termed the 
critical velocity of injection. At still higher liquid velocities 
the film separates completely from the solid surface and mixes 
with the gas stream. 

The determination of V,* was made visually and conse- 
quently it was necessary to develop experimental tech- 
niques to keep the human error as small as possible. Check 
runs on reproducibility were made in all of the experiments 
and the reproducibility of the results from day to day for a 
single observer, and between different observers, was of the 
order of +10 per cent. The effects of hysteresis and gravity 
were at no time large enough to cause significant differences or 
warrant special attention. 

In the two-dimensional investigation a number of the physi- 
cal dimensions were varied: (a) Test section height, 3 and 5 
in.; (b) slot width, 0.001, 0.003, 0.004, 0.005 and 0.007 in.; 
(c) slot depth, } and } in.; and (d) injection configurations 
as shown in Fig. 1. In all of the above experiments the test 
section width was 13 in. and the slot length was 1 in. 

In the three-dimensional investigation (a) the duct diame- 
ters were 1.2435, 1.503, 2.0600, 2.470 and 2.9830 in.; (b) the 
slot widths were 0.005, 0.010, 0.015 and 0.025 in.; and the 
configurations listed as (a, c, d, e, f, g) in Fig. 1 were 
tested. In both the two- and three-dimensional investigation 
the velocity profile of the air at the test section was fully de- 


ffect of Physical Dimensions on 


Fig. 2 presents V,* as a function of V, for several slot 
widths and hole diameters using water as the injected liquid. 
It is seen that for any slot width or hole diameter increasing 
the air velocity increases V,* and the relationship between 
V.* and V, is approximately linear. Investigations with car- 
bon tetrachloride and 40 per cent aqueous glycerol solutions 
and different physical configurations substantiate these re- 
sults. 

Fig. 2 also illustrates the effect of slot width in the two- 
and three-dimensional test sections for the case of water in- 
jection at right angles to the airstream. The results of the in- 
vestigation using holes conducted by Knuth (11) is also in- 
cluded for comparison purposes. No comparison can be made 
between slots and holes, but it should be noted that the trend 
is the same; that is, the larger the hole or slot, the lower V.* 
is for a given air velocity. 

Preliminary investigations conducted in the two-dimen- 
sional test section of variation in test section dimensions in- 
dicated that decreasing the height of the section from 5 to 3 
in. increased V,* approximately 10 per cent. A systematic 
investigation on the effect of test section diameter was con- 
ducted in the three-dimensional test section. Fig. 3 presents 
the critical velocity of injection as a function of air velocity 
for five duct diameters all having a slot width of 0.005 in. 
The critical velocity of injection increased as the duct diame- 
ter decreased. Similar results were obtained for the five duct 
diameters with slot widths of 0.010, 0.015 and 0.025. in. 

While most of the studies of film attachment were con- 
ducted with perpendicular injection (radial injection), an in- 
vestigation of the effect of the angle of injection, denoted by 
a, was conducted in the two-dimensional test section with the 
injector slots shown in Fig. 1 (b). Some results on the effect 
of angle of injection were also indicated by the experiments 
with the two- and three-dimensional configurations, (d), (e) 
and (f) of Fig. 1. Fig. 4 presents the critical velocity of injec- 
tion as a function of air velocity for values of a = 0, 15, 30 
and 60 deg. Perpendicular injection corresponds to a value 
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of a = Odeg. As would be expected, inclining the film flow 
in the downstream direction increases the critical velocity of 
injection. At injection angles corresponding to values of a 
greater than 75 deg it was not possible with the experimental 
apparatus to separate the film from the surface even when 
there was no flow of air. One explanation that has been sug- 
gested for firm attachment of the film at angles of a greater 
than 75 deg is the Coanda effect (14). 

No method of correlating the effect of angle based on the 
geometry of the system was possible. However, if the ‘‘ef- 
fective’ angle was used as a + 15 deg (suggested by the fact 
that if injection was made at angles of 75 deg or larger the 
injector acted as if it were injected parallel to the surface), it 
was possible to predict the values of critical velocity of injec- 
tion for the two-dimensional experiments at angles of a from 

5 to 60 deg by dividing the critical velocity of injection for 
tlie perpendicular case by cos(a + 15 deg). 

Fig. 5 presents the experimental and “predicted” values of 

,* as a function of angle for three air velocities. The agree- 

ent is satisfactory for these cases and for all two-dimen- 
sional results. However, for the three-dimensional investiga- 
tion the above method does not predict the experimental 
values. 

Nozzle configurations (c), (d), (e) and (f) presented in Fig. | 
were tested in both the two- and three-dimensional test sec- 
tions. Configuration (c), which simulates radial injection 

the junction of the combustion chamber and nozzle, had a 

.* slightly smaller than configuration (a) in the two-di- 

ensional test section, but had a higher V,* in the three- 
dimensional test section. The improved performance in the 
three-dimensional test section is attributed to the uniform 
construction of the flow field which should cause a more uni- 
form flow pattern at the junction than in the two-dimensional 
case where the flow field was only restricted on one side. 

The critical velocity of injection of configuration (d) in both 
the two- and three-dimensional case was higher than that of 

) or (ec). The higher critical velocities of injection may be 

ttributed to the higher value of a (30 deg) as compared to 

figuration (a). Again, as in the case of configurations (b), 
it is possible to estimate the performance of configurations (d) 
for the two-dimensional case by dividing the zero angle in- 
jection value by cos (80 + 15) deg. Configuration (d) could 
he operated at slightly supercritical liquid injection velocities 
to form stable liquid films a short distance downstream from 
the injection slot. 

Configurations (e) and (f) for both the two- and three- 

mensional cases formed extremely stable films. It was not 

ssible to produce flow separation at a V,* as high as 60 fps, 
the maximum obtainable with the experimental apparatus. 

The investigation of the three-dimensional flow of liquid 
films in a 60 deg converging-30 deg diverging passage was 

maducted with subsonic air velocities throughout. The film 

mained on the walls through the converging throat and a 
portion of the diverging section. The film separated at the 
point where the air separated from the diverging section. 
Under conditions where the air did not separate the film ad- 
hered throughout the passage. 


Effect of Physical Properties of the Liquid on 
Critical Velocity of Injection 


Aqueous soap solutions, aqueous glycerol solutions and 

ueous zine chloride solutions were employed as injection 

uids in the two-dimensional test apparatus in a study of the 

ects of liquid physical properties upon V;*. The radial slot 

dth was maintained constant at 0.005 in. during all ex- 
periments. The pertinent physical properties of the four 
liquids employed are tabulated in Table 1. 
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Fig. 5 Effect of angle of injection upon critical velocity of injec- 
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Fig. 6 Effect of liquid properties upon critical velocity of injec- 
tion for various air stream velocities 
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Table 1 Selected physical properties of test liquids 
by weight) 


Den- 
slugs/ lb/ft tension, 
Liquid sec lb/ft 
Water 1.94 0.000734 0.005 


94 0.000827 0.0025 
94 0.000793 
94 0.000793 
10 0.00215 


Soap solution 

2. 


Soap solution 
Soap solution ee 
32% glycerol 
44% glycerol 
58% glycerol 


0.0022 
0.0020 


23 0.00759 


22.6% zine chloride 

45.4% zine chloride 2.82 0.0023 

58.5% zine chloride 3.34. 0.00785 


The effect of changes in liquid surface tension upon V;,* was 
examined by plotting V,* as a function of main air stream 
velocity V., employing the data obtained from experiments 
conducted with water and the aqueous soap solutions as 
shown in Fig. 6. Since the densities and viscosities of the 
three soap solutions and of water are of the same order of 
magnitude, it was believed any consistent variation in results 
could be attributed to the change in liquid surface tension. 
From Fig. 6 it is seen that no consistent variation was ob- 
tained; therefore, it may be concluded that variations in sur- 
face tension of the injected liquid have no appreciable effect 
upon V,*. 

There is some evidence to indicate that the results obtained 
by employing soap to change the liquid surface tension may 
not be the same as those obtained using pure liquids having 
different surface tensions (12). 

Fig. 6 also presents a plot of V,* as a function of V, ob- 
tained when employing water and the aqueous glycerol solu-— 
tions as the injected liquid. Since the densities and the sur- — 
face tensions of those liquids were considered constant, any 
consistent variation in the results may be attributed to change | 
in liquid viscosity. As can be seen from Fig. 6, the straight — 
line representing V,* as a function of V, for water represents : 
the approximate average of all of the data points obtained 
with the glycerol solutions; therefore, it was concluded that 
liquid viscosity has little or no effect upon V,*. It should not 
be overlooked, however, that the data points obtained with 
the different glycerol solutions are displaced slightly from 
those obtained with water. 

Unfortunately, changes in test liquid density were ac- | 
companied by variations in liquid viscosity and surface ten- 
sion. Since it had been demonstrated previously that changes 
in both liquid viscosity and surface tension have negligible 
influence upon V,*, it was believed that any variation in the 
data obtained employing the zinc chloride solution could be 
attributed to changes in liquid density. Referring to Fig. 6 it is 
seen that the plot of the test results gave four distinct parallel 
lines exhibiting a uniform change in V,* with changes in 
liquid density, thus indicating a significant dependence of 
upon liquid density. 


Effect of Gas Density on Critical Velocity of 
Injection 


An experimental study was made of the effect of gas density 
upon V;* employing the three-dimensional test apparatus 
having an inside duct diameter of 2.02 in. with a 0.005-in.-wide 
radial slot. Employing water as the test liquid, variations in 
air density from approximately 0.0023 slugs/ft® to 0.0795 
slugs/ft® were obtained by altering the static pressure of the 
air flowing in the test section. Experiments were performed 
for mean air velocities ranging from 48 to 617 fps resulting in 
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a range of air stream Reynolds numbers from 1.67 X 10° tu 
14.75 X 10°. 

The experimental results indicate that, in general, V,* in- 
creased markedly with increasing air density. 

An attempt was made to study the effect of air stream 
viscosity upon V,* by employing the heated combustion 
products of air and propane as the flowing gas. Unfor- 
tunately, because of the manner in which the experiments 
were performed, a variation in gas density as well as a varia 
tion in gas viscosity occurred and no definite conclusions con- 
cerning the dependence of Vi* upon gas stream viscosit) 
could be reached. It is believed, however, that the effect o 
gas viscosity is minor. 

~ 
=, 


Correlation Studies 


if fA In order to organize the results of the extensive exper'- 


mental program discussed herein in a manner that would be o 
benefit to the designer of equipment utilizing liquid films 
numerous attempts were made to obtain suitable dimension 
less correlations of the experimental data. No satisfactory) 
correlation was obtained which included all of the geometri: 
configurations for the liquid injection studies; therefore, onl, 
the data from the radial injection experiments were utilized. 

In obtaining the correlating equation it was assumed that 
the bending of the liquid film away from the radial direction 
of injection was due primarily to the momentum interchang: 
between the air stream and the injected liquid. The distanc: 
of liquid film penetration into the air stream was assumed to 
be a function of both the air stream Reynolds number and slot 
width. Combining the momentum parameter with the slot 
width parameter 5/D and the air stream Reynolds number 
gives the functional relationship 


( V, Np,’ D 


The resulting correlation is presented in Fig. 7. It can be 
seen from Fig. 7 that two equations, each representing a 
straight line on a log plot, are required to correlate the data; 
the straight lines intersect at a Reynolds number of 2.5 X 10! 
The two equations discussed above are 


| f’(Reg) 
= 0.153 [Re, X 10-5] ... [2 

ve p, \D [Reo 


for gas Reynolds numbers from 0.5 X 10° to 2.5 & 10°, and 


f’(Reg) 
V ¢ = 0.085 ....... 


for gas Reynolds numbers from 2.5 10° to 12 X 10° wher 
f'(Re,) = 0.404 — 0.012Re,(10) ~. 

It was observed that the height of penetration of the in- 
jected liquid film is many times greater for large slot widths 
and low air Reynolds numbers than for smaller slot widths and 
Reynolds numbers. For the above reason it is believed 
that the injection film is more likely to enter the turbulent 
region of the air stream boundary layer under conditions of 
large slot width and low air Reynolds number, and it has been 
found that these conditions are most prevalent in the portion 
of Fig. 7 represented by Equation [2]. 

The data obtained from the experiments performed over : 
range of air densities indicate that the fluid density term 
(p1/p,)'? in Equations [2, 3] should be replaced by (pz/p,)° 
to obtain a better correlation. 
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Fig. 7 Dimensionless correlations of critical velocity of injection 
data 


Visual Studies of Liquid Film 


Visual and photographic studies of the injection slot re- 
vealed the presence of disturbances on the liquid film surface 
which moved at velocities greatly different from the main film 
velocity. Such disturbances have also been reported by 
Kinney, Abramson and Sloop (13), and by Knuth (11). The 
velocity of the liquid film free surface and the velocity of the 
disturbances moving on the film surface were measured by 
high-speed photographic techniques employing a dye in- 
jected into the water film. The velocities of the disturbances 
were found to be considerably larger than the free surface 
velocity of the liquid film; at low velocities of injection the 
velocities differed by as much as a factor of 3. The wavelike 
nature of the surface disturbances was found to be inde- 
pendent of the manner of liquid injection. The photographic 
study further indicated that the magnitude and number of 
the surface disturbance increased when (a) the liquid flow 
rate was increased and (b) the air velocity was decreased. 

A phenomenon which may have practical significance for 
film-cooling applications was observed when the radial injec- 
tion slots were operated at high air velocities. When liquid 
injection velocity exceeded 90 per cent of V,*. a portion of the 
liquid admixed with the air stream, although no film separa- 
tion occurred. 

In the case of liquid film coolant applications. it should be 
pointed out that in view of the above described phenomena 
and the formation of wave disturbances upon the liquid film 
surface, both occurring at injection velocities near the critical 
velocity of injection, the liquid injection velocity should not 
he more than 90 per cent of the critical velocity of injection 
for the most efficient utilization of the available liquid. 


Conclusions 


The pertinent conclusions summarizing the results of the 
series of experiments presented in the paper are: 
1 The injection of liquid through slots results in the es- 
tablishment of stable films attached to solid surfaces. 
2 The critical velocity of injection V,*: 
a. Increases with increases in air velocity Vo. 
b. Decreases with increases in slot width b. 
c. Increases with increases in angle of injection a; sepa- 
_ could not be obtained with angles larger than 75_ 
deg. 


3 The value of Vz* is independent of liquid surface ten- 


sion and viscosity but is a function of liquid density (momen- 
tum). 

4 The value of V,* is a function of air density (momen- 
tum). 

5 The use of large velocities of injection, below but ap- 
proaching V ;*, results in the formation of surface disturbances 
upon the film surface, and the entrainment of a considerable 
portion of the injected liquid by the air stream. -—- 
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Temperatures and Thermal Stresses in — Cooled 


fie 


Solutions are given for the local temperature, mean 


temperature, efficiency, surface temperature difference 
and thermal stress in transpiration-cooled porous plates 
and tubes generating uniform distributed heat. Eight 
special cases are considered, four of which refer to the con- 
ventional case of nongenerating porous materials. 


Nomenclature 
A = (1/M — 1)N,/(N, ), dimensionless 
a = G.C6/(1 — p)kw, 
B = A — 1/a, dimensionless 
b = G.,C.r,/(1 — p)kw, dimensionless 
C. = thermal capacity of coolant, Btu/Ib-°F 
C2 = integration constants 
E = modulus of elasticity, lb/ft? 
G, = mass velocity of coolant, lb/hr-ft? 
Geg = mass velocity of coolant at exit side, Ib/hr-ft? = 
h = unit surface conductance, Btu/hr-ft?-°F 
a = thermal conductivity of porous wall material, Btu/hr- 
{t-°F 
M = (A/a)/(tz — t-) or (A/a)/(to — t-), dimensionless 
N. = h./G.C, for plate, h-/G-gC. for tube, dimensionless 
N, = h,/G.C. for plate, h,/G.,C- for tube, dimensionless 
ig = (p/b)/(t, — t-) or (u/b)/(t. — t-), dimensionless 
Pp = porosity, dimensionless 
= internal heat-generation rate, Btu/hr-ft® 
R = r/r,, dimensionless dae 
= r,/r,, dimensionless 
r = local tube radius, ft x \ ean 
Te = radius of outer tube surface, ft 
fs = radius of inner tube surface, ft 
t = local temperature, °F 
i = mean temperature, °F cy 
x = local plate coordinate, ft 
B = coefficient of linear thermal expansion, ft/ft-°F 
6 = plate thickness, ft 
= (t, — t.)/(t, — dimensionless 
n2 = (t, — ts)/(t, — t-) for plate, (t, — t)/(t, — t-) for tube, 
dimensionless 


° 


= 2 


* (1 — »)o/EB, °F abv: 


Subscripts 

g9 = gas 

o = exit surface of plate or tube aro ; 

r = radial 

t = tangential ie 

w = wall material ix ; 

y = lateral 

z = longitudinal 

6 = entrance surface of plate 

1 = entrance surface of tube 


Received Dee. 11, 1956. 
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Power-Producing Plates and Tubes 
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University of Minnesota, Minneapolis, Minn. 


— 


HE analytical problem of predicting the effectiveness 0: 
transpiration-cooled structures consists of two parts, th: 

first being concerned with the heat transfer and temperature 
distribution within the porous material, and the second deal- 
ing with the evaluation of convective unit surface conduc 
tances at the coolant-entry and coolant-exit side of the wall 
In connection with the first problem, Weinbaum and Wheele: 
(1)? have given a solution for the solid and coolant tempera- 
tures within the porous matrix of a plane plate and a circula: 
tube for the special case of negligible thermal resistance at the 
entrance and exit surfaces (hk = © = Ay). These specia 
solutions indicated that as a result of the large speeific ares 
for heat transfer within the wall—characteristic to the inter- 
stitial structure of the porous material—the solid and coolant 
temperatures become substantially equal to one another within 
only a few pore diameters from the coolant-entry surface. 

Some consequences of this result have been discussed by 
Eckert (2). Mayer and Bartas (3) utilized this result as an 
explicit assumption in an over-all heat balance that allowed 
extension of the earlier solutions to include the effects of con- 
vective heat transfer at the two exposed surfaces. Although 
these new solutions were developed for both plane plates and 
circular tubes, the parameters involved did not disclose a de- 
pendence on the porosity of the wall material. In addition. 
due to an error in deriving the integration constants for the 
tube, the results for this geometry were incorrect. At about 
this same time a similar solution was presented (4) for a plane 
plate neglecting both the surface conductance at the coolant- 
entry side and the thermal resistance at the exit surface (/ 
= 0,h, = ~). Recently Hyman (5) gave a solution for the 
plane plate, neglecting effects of porosity and of entrance sur- 
face conductance (h, = 0). This represents a special case con- 
tained in the earlier plate solutions of Mayer and Bartas (3). 
Green (6) has given a solution for transpiration cooling of « 
plane plate generating uniform heat q.’’’ within the solid 
material, neglecting coolant-side convection and assuming an 
adiabatic exit surface (he = 0 = h,). The same solution in- 
cluding porosity effects is given in (4), and corresponding 
numerical solutions for this case are indicated in (7). 

Whereas the chief purpose of the transpiration scheme is to 
provide effective cooling of structural elements exposed to 
high temperature gases, a secondary use of porous generating 
materials is for heating elements that combine high power 
density with compactness of heat exchange surface. Thus, the 
entrance fluid may be used either as a coolant to remove 
generated heat or as a gas to be heated by the high tempera 
ture porous material. In this way two admisgible condition: 
arise: ¢. > t, and t, < ty. 

The purpose of this paper is to present general temperature 
and thermal stress solutions for porous generating structures 
assuming only that the coolant and solid temperatures are 
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Fig. 1 Porous, heat-generating, transpiration-cooled plate 


equal at every point within the wall. Both plane plates and 
circular tubes are considered, and the solutions include the 
effects of heat generation within the solid, the porosity of the 
wall material, and the convective conductances at both ex- 
posed surfaces. The new solutions therefore contain as 
special cases the earlier results given in (3), (4), (5), and (6) 
along with the corrected tube results replacing those in (3). 
Formulas are given for (a) local wall temperature, (b) mean 
wall temperature, (c) efficiency, (d) surface temperature dif- 
ference and (e) thermal stress. Some special cases for which 
explicit results are given are denoted as 


l he = =h, V. =0 
Il. he = 0 Vi. = 
Ill. =O0,h, = Vil. = 0 =h, 

IV. =0 =h, =O = hy hy = 


General Soluticn. Consider, as in Fig. 1, a plane plate of 

uniform thickness 6, uniform thermal conductivity k., 
and uniform porosity p (ratio of pore to total volume), gener- 
iting uniform distributed heat q,.’’’ within the solid. A coolant 
of uniform thermal capacity C, and uniform upstream tempera- 
ture ¢, is forced through the plate in the negative x-direction 
with a steady mass velocity G,. The unit surface conductance 
ut the coolant-entry face x = 6isauniformh,. The plate face 
x = Ois exposed to a gas of uniform downstream temperature 
, and at this coolant-exit face the unit surface conductance is 
uniform h,. 
In accordance with the results of Weinbaum and Wheeler 
for porous metal walls (1), it is assumed that within the wall 
itself, 0 <2 < 4, the coolant and solid temperatures are equal. 
Heat conduction within the wall is assumed to occur only in 
the solid material. A heat balance on a differential element of 
plate width dz identifies the conductive, convective and heat 
generation terms as —k,(1 — p)dt/dx, —ku(1 — p)[dt/dx + 
(°t/dx?)dx], G-C(dt/dx)dx, and qu’’’(1 — p)dz, and leads, by 
these assumptions, to the following differential equation to be 
sutisfied by the plate temperature ¢(Y) 


Aveust 1957 


Analysis 


Plane Plates 
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dt 


1*t 
+a—+A)A = 0............... 


dX? dX 
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Fig. 2 Porous plate surface temperatures (/, and /5 for Case II 


(he = 0) 


with the abbreviations a = G.C.6/(1 — p)kw and AX = qw'"’6?/ 


k,, and the normalized coordinate XY = 2/6. Its general 
solution is 
The boundary conditions on ¢(.Y) are (Fig. 1) 7 
— Kw = 
dX 0 [3] 


—t.) = qu’ ht, — t.) — — 


where ¢, = ¢(X = 0) and ts = ¢(X¥ = 1) are unknownit h, = © 
+ h,. The first relation expresses continuity between the 
heat conducted away from the exit face X = 0 and the heat 
gain at this face from the ambient gas at t,. The second rela- 
tion is an extension of that given by Mayer and Bartas (3) 
which identifies the rate of enthalpy increase of the coolant as 
being equal to the rate of internal heat generation plus the 
difference in heat rate entering and leaving at the two ex- 
posed surfaces. 

Local Wall Temperature. The two boundary conditions in 
IXquation [8] determine the required form of the integration 
constants C, and C2 in Equation [2] as 


(Ne + + — N.N,\t, — ——] Xe- 
a a*N, 
) 
+ +1) 
a~ 
(Ne + + 1) — 


(N. + 1(N, + 1) — 


where M = (d/a)/(t, — t.), Ne = he/G.C., and N, = h,/G.C. 
The value of M can be positive or negative according to 
whether ¢, exceeds or is less than t.; if tj = ¢t., then M = o. 
By means of Equations [2, 4, 5] the steady temperature ¢ can 
be calculated at any plane in the plate. 
Eight special cases are of interest. 

surface resistances is represented by h. = 


The case of negligible 
o =h,. Identifying 
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t, as t, and ts as t-and taking N. = © = N,in Equations [4, 5] 


gives, according to: Equation [2 


A (1 — e7*) 6] 


If h, is finite whiie he = 0, then the temperature profile is 
given by 


N, 
II. = — — 1 


The surface temperatures (t, — t.)/A (X = 0) and (ts; — | 


t.)/X (X = 1) calculated by Equation [7] are shown in Fig. >. 


as a function of the dimensionless parameters “a” and A = — 
(1/M — 1)N,/(N;, + 1), only positive values of the latter being — 
given. The value A = 0 corresponds either to Case IV (N, 
= 0) or the condition (¢, — t.) = X/a. Positive values of A — 
imply that M < 1 with t, > ¢., while negative values occur if 4 
M <Oorif M>1 witht, >t. 
A = —N,/(N, + 1). 
comes independent of heat transfer at the exit surface. The 
curves show how rapidly the entrance surface temperature 


For the practical case t, = t., 
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(XY = 1) decreases with increasing coolant flow as compared 


to the exit surface temperature (Y = 0). Fora given value of > _ 


“q@”’ the difference in surface temperatures increases the larger 
the value of A. 

Case III is obtained from Equation [7] by setting N,/(N, 
+1)=1. Thus 


directly from Equation {7 | by taking VN, = 0as 


A/a 


a 


Similar solutions for cases of zero internal heat generstion 
(qu’’’ = 0) are obtained by taking \ = 0. This gives the solu- 


For .\/ = 1, A = Oand the solution be- 


In this case M = (A/a), (t, — t.). Green’s solution (6) follows ad ry 


6.0, 
Fig. 3 Mean porous plate temperatures / for Case Il (hc = 0 


Mean Wall Temperature. The mean wall temperature 
calculated from the temperature profile as 


For the general case the mean temperature can be calculate: 
from C; and C2 in Equations [4, 5] ast = C, — — 
— \ 2a. Specific results for the eight special cases are 


; + aje* —1] 


tion of Mayer and Bartas (3) as* r a(1 — e~*) 2 
{15 
fe c 
+ 1/N-) a’ [16 
Ifh. = © = h, the solution is (3) 1 
t t /a M a a a 
t, (1 — e-*) A/a a? 2 
Further, if h. = 0 (3, 8) ( te-\(1 — ( e7a 
or if h. = Oandh, = = (4) 
[19] 
t—t, 
a —t, 1 — — } — 
VI. — = per (20) 
The well-known solution for G. = 0 
ty t. 1 Ne a N./N, te N, + 1 


ney be derived independently or taken directly from Equation 
10]. 
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Equations [18, 22] are given in (6) and (4), respectively. 
Case II, Equation [16], is plotted in Fig. 3 for both positive 
and negative values of A. Case VI, Equation [20], is shown 
in Fig. 4, again with “a’’ as an independent parameter. As 
a— (0 the temperature profile becomes linear and ? — 3(t, + ts), 
whileasa— ©,/—¢ts. Surface temperature ratios for which 
ts (, > 1 refer to the case where the porous wall is to be 
heated by a high temperature gas being forced through it. 
Fig. 5 gives the mean wall temperature for Cases IV, VII and 
VIII according to Equations [18, 21, 22]. The curve for Case 
IV is also contained in Fig. 3 (A = 0). 

Efficiency and Surface Temperature Difference. The ef- 

‘iency m, and surface temperature difference 72, both normal- 
ed with respect to the over-all temperature difference (t, — 

, are defined as 


_ ty 


g 


24] 


The general case is obtained as m = (t, — C, — C»)/(t, — te) 
and = [C2(1 — + A/a]/(t, — t.), with C; and C, given 
by Equations [4, 5]. Thus 


Ne —e-4) 


n 

Mf N, ( N, 


Ne —a 
) 


Three special cases that have significance can be taken 
ectly from Equations [25, 26] as 


and 


M 
E = (Ny + » fo + MU + Ne) 
Net 1 


(27, 28] 
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Fig. 4 Mean porous plate temperatures / for Case VI (qw’’’ = 
0, hc = = he) 


_ and thus independent of geometry. 


W-p)k, 


Fig. 5 Mean porous plate temperatures / for Case IV (hc = 0 
= hg), Case VII (qw’’’ = 0 = hc) and Case VIII (qw’’’ = 0 = 


= ) 
\ 
1+ v.(1 ¢~ ) 
N.+1 
VII 
[31, 32] 


Equation [27] shows that for WV > 1 (A/a > t, — t.), 
t, > t,, while for M<1,t,<t,. For M =1,t, Equa-— 
tions [29, 30] are given in (3). and Equations [31, 32] | 
are given in (3) and (5). For Cases V and VII, 9:/m. = NV, 
—e-*), The independence of this result on heat transfer at — 
the coolant side (h,) is significant only for Case V (3). An exit- 
surface temperature ratio may be defined which for Case VII ; 
becomes (t, — t,)/(#, — t.) = 1/N,. This ratio was measured 
by Wheeler and Duwez (8) in experiments on transpiration 
cooling of a porous copper tube using hydrogen and nitrogen as 
coolants. As in m for Case VII, this ratio is independent of 6 


Thermal Stress. In the calculation of the steady-state 
thermal stresses it is assumed that the plate is free of external 
constraints and of end effects. It is also assumed that the 
usual stress relations that describe e'astic behavior of solid ; 
materials apply in the present case of porous materials. This 
assumption will be less severe for plates of high solidity. — 
Under these conditions the nonzero normal components of — 
thermal stress are the same in the lateral and longitudinal 
directions y and z, o = o, = @:, and equal to 


3 1 
1 1 
t+ 12(x tXdX..... [33] 
0 


This is the same as the more familiar expression‘ written in 


4 See, for example, (9). 
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terms of a coordinate system whose origin is.located at the 
midplane of the plate. In Equation [33], », Z and 6 are the 
Poisson’s ratio, modulus of elasticity and coefficient of linear 
thermal expansion for the plate material, each considered uni- 
form. If o is positive the stress is tensile, and if negative the 
stress is compressive. The first integral in Equation [33] is 
recognized as the mean plate temperature ? = C; — C.(e~* — 
1)/a — \/2a. The second integral can be calculated for 
the general case as — (C./a®)[(a + — 1] — 
The result for Case I], using Equations [7, 16], is 

o* 
II. \B/a = (12X + 4a — 6) a? 


— (i — Xpe-*] — [34] 
where B = (1/M — 1)N,/(N, + 1) — 1/a =A — 1/a. The 
right side of Equation [34] is seen to depend only on “a” and 
X; it is therefore independent of the various boundary con- 
ditions (9). For Case III, B = (1/M — 1/a — 1); Case IV, 
B = —1/a; Case VII, AB = [a/(t, — t.)]N,/(N, + 1); and 
Case VIII, AB = a/(t, — t.). Thus 


III. = _............. 35 

IV. AB/a d/a? [36] 
o* 

* 


Values of the maximum thermal stress for Cases II, IV, VII, 
and VIII are shown in Fig. 6. In each case the maximum 
stress occurs at the exit face Y = 0 (subscript ‘‘o’’), and for 
Cases II, VII, and VIII this maximum stress is compressive. 
Case VIII shows that the stress is zero for zero coolant flow 
and that it increases rapidly with increases in the coolant 
mass velocity G.. Case IV is plotted as o,*/X so as to be in- 
dependent of G.. In this case the maximum stress is tensile; 
it vanishes for large values of ‘‘a’”’ and approaches a limiting 
value of o,*/A = >, as “a” tends to zero. This limit occurs 


because in this limiting condition the surface temperatures 7 ‘ 
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Fig. 6 Maximum porous plate therma! stresses o* for Case II 
(he = 0), Case IV (he =0= hg), Case VII (qw’"’ =0= he) and 
Case VIII (qw’’’ = 0 = hig hg = ~) 
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General Solution. Consider a long circular tube as in Fig. 7 
with an inner radius r, and outer radius 7., and with the cool- 
ant flowing inward through the tube wall. All other quanti- 
ties are the same as defined in Fig. 1 with the exceptions that 
the wall thickness is now dependent on the surface radii and 
that the temperature of the outer surface is now denoted as 
t,. Again the solid and coolant temperatures are assumed to 
be equal within the wall,r, <r<r,.. Another difference with 
circular geometry is that the coolant mass velocity in the tube 
wall is not constant but depends on the local radius r. This 
dependence can be expressed in terms of a known mass 
velocity at either surface. Choosing the inner surface (3) and 
denoting the mass velocity here as G.,, one has by mass 
continuity G.,.27r, = (G.,/p)2arp, or G.- = G.g/R, where R is 
the local radius normalized with respect to the inner radius as 
R 

Identifying the conductive, convective and generation 
components in an element of wall thickness dras —k,2mr(1 — 
p)dt/dr, —kw2x(r + dr)(1 — p) (dt/dr + (d*t/dr*)dr), 2a7r,G.,C. 
(dt/dr)dr and qw’’’2mr(1 — p)dr gives the characteristic dif- 
ferential equation to be satisfied by t(R) as 

dk? 


approach an absolute difference of \/2. 


Circular Tubes 


dt (1 + b) dt 
R dR 


Here 6 = G.Cr,/(1 — p)ke and wp = these 
quantities being analogous to “a” and X in plane geometry 
The genera] solution of Equation [39] is 


t=C C:R~ = [A 
The boundary conditions on t(R) are (divided by 27) 
w Pp dk), = — bo | 
ai P) 2 
— te) = gu!” SP” (ret = + | 
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Fig. 7 Porous, heat-generating, transpiration-cooled tube 
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Local Wall Temperature. The integration constants C; and 
(’, in Equation [40] are, according to the boundary conditions 
in Equation [41] 


(N.Re + + Ile — + = 


1(R2 —1 + (N 
+ (N, + 1)] 
— (NeRe 
ab + 2)" 
+ 1XN, + 1) — 
und 
uy NN R2) + (NR. + 1) + 
1 
- — R2) — [N.Re + (Nz + 
2 
Co = . [43] 


+ + 1) — NeN,R? 


where R. = r./r,and P = (u/b)/(t, — t.) which is analogous 
to M in plane geometry. For circular tubes the N, and N, be- 
come N, = h,/G.C. and N. = h-/GuC. By means of 
quations [40, 42, 43] the steady temperature ¢ can be calcu- 
lated at any radius in the tube + Il. 

Solutions for the eight special cases are 


(R2 -— 1 


(R? — 1) 
44 
2(b + 2) inte 
r N,+ 1 
bR? RZ 
45) 
(2+5)f" Xb+2)* 2 
Il. ——~ = —-(R&—1) - — 
E 9‘ oy 5 | 
bR2 


X%b+2)° 2 


y4 by N, by (Re + 1/N-) [48] 
lg ( ) 
Ng (Re + 1/Ne) 
t 1 — 4/t,)R~" — Re? + t/t 
= t i 


5 The familiar solution for G.. = 0 
t—t. 1 + In (R-/R) 


L+N 


aay be derived independently or taken directly from Equation 
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Mean Wall Temperature. 


The mean wall temperature is 


calculated as 


2 
— DJ, 


The solution for the general case can be calculated from C, 


and C, in Equations [42, 43] as ? = 
— 6)(R.? — 1) — ul 


C, + — 1)/(2 
Results for the eight 


R22 + 1)/4(b + 2). 


special cases are 


(R? 1) 2 2 —b 
R2 


Case VI, Equation [58], is shown in Fig. 8 for two values 
of the radius ratio R. = 1.25 and 1.50. 
(t, — t.) [3 In R. 
The curves suggest that the range 0.1 < 6 < 1Lislesssignificant 
than the same range in the case of plane geometry 
Cases IV, VII and VIII are plotted in Fig. 9 for radius ratios — 
R, = 1.25, 1.50, 1.75 and 2. For Case IV as b ~ 0,7 + 
(u/2b)(R.2 — 1), andasb + (u/4b)(R2 — 1). 
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Fig. 8 Mean porous tube temperatures 7 for Case VI (qu’’’ 
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0, he = oOo = hg) 


Efficiency and Surface Temperature Difference. The 


ciency and surface temperature difference defined by Equa- 


tions [23, 24] are, by Equations [40, 42, 43] 
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where for the tube = (t, — t))/(t, — t). 
special cases are contained in Equations [61, 62] as 
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Resu!ts for three 
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Fig.9 Mean porous tube temperatures / for Case IV (hc = 0 
° hg), Case VII (qw'”’ = 0 = he), and Case VIM (qu’’” = 0 
he, hg = @) 
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For Cases V and VII, m/n, = N,(1 — R.~). 
Thermal Stress. General equations for the radial, tangen- 
tial (circumferential) and longitudinal components of thermal 
[61] stress in a long tube free of external constraints and of end 
effects are given by (10) 


Cr = - at — 
r?\R?2-1 J, 
1 1 R 
R2 1 1 


R. 
(RdR 
z (R2 1) ‘ 


Results for the general case can be obtained from Equation 
[40] using C; and C, from Equations [42, 43]. Specific results 
for the three special cases IT, IV and VII are 
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Fig. 10 Radial porous tube thermal stresses o,* for Case VII 
(qw'’’ = 0 = he) 
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[75] 
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— — 1) — R°........ [80] 

The radial thermal stresses o-* for Case VII are shown in 
rig. 10. These stresses are compressive and they vanish at 
the surfaces R = 1 and R = R. for all values of 6 and at all 
radii for both 6 = 0 and 6b = o. Hence, for some finite 
value of 6 the radial stress is a maximum at some radius 1 < 
Rk < R,. The maximum radial stress for a given value of b 
occurs, by Equation [78], at the radius [(2R.2/b)(1 — R.~°)/ 
(R2—1)]'/@-», The radial stresses for Case IV are negligi- 
blysmall. Results of calculations on the maximum tangential 
and longitudinal stresses for Case VII are given in Fig. 11 for 
two radius ratios R. = 1.5and 2.0. The behavior can be com- 
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Fig. 11 Maximum porous tube radial, tangential and longitudinal 
thermal stresses o,*, o:* and o:* for Case IV (hc = 0 = he), Case 
VII =@Q= he), and Case VIII (du he, hg = @) 


pared with the plate stresses in Fig. 6. Although not shown, 
the radial stresses for Case VIII are the same except that in 
this case —[(N, + 1)/N,]o-*/(t, — t.) is to be interpreted 
as —o,*/(t, — 

The tangential and longitudinal stresses for Case IV are 
equal and tensile. The maximum stresses in this case, 
plotted as o,*/u which is independent of G.,, occur at the 
outer surface R = R, (subscript ‘1’’). As 6 — 0 these 
maximum surface stresses approach a maximum value equal, 
by Equations [76 or 77], to In R./2(R.2 — 1) + (R2 — 1)/8 
— 1. For Cases VII and VIII the tangential and longitu- 
dinal stresses are again equal if one considers only the maxi- 
mum values. However, in these cases the maximum stresses 
are compressive and they occur at the inner surface R = | 
(subscript ‘‘o’”’). The effect of radius ratio R. appears to be 
most pronounced in Case IV. The reason for this is sug- 
gested in Fig. 9. 
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Demonstrating System Reliability hy the Sequential Prob- 


The Sequential Probability Ratio Test is presented as a 
practical statistical approach to demonstrating the relia- 
bility requirements of rocket systems and subsystems. 
In this test, the sample size is not predetermined but, 
rather, the testing is continued and the results analyzed 
after each system is tested, until the results are sufficient 
to indicate a decision. The main advantages of this pro- 
cedure are (a) a generally smaller sample size than that 
required by other statistical procedures, (b) all calcula- 
tions can be done prior to testing and the test data can be 
recorded graphic::lly without additional computations. 

It is shown that the required calculations can be reduced 
to determining the equations of two straight lines. These 
two straight lines are then plotted on graph paper and the 
test results are recorded by a plot line on the graph. Test- 
ing is terminated as soon as this plot line intersects either 
of the straight lines. If the upper line is intersected, the 
system has not demonstrated adequate reliability and re- 
jection is indicated. If the lower line is intersected, the 
system has met the reliability requirements and accept- 
ance is indicated. 


Nomenclature 

Ry = reliability desired by the consumer 

R, = minimum reliability acceptable to the consumer; Ry > R; 

consumer’s risk 

A = producer’s risk 

gm = number of successes that have occurred thus far in the 
testing 

dm = number of failures that have occurred thus far in the test- 
ing 

= 1 R, 

Po = 1 Ro 

log = natural logarithm = 


A ROCKET reliability demonstration program must first 
£%& show that each component will function reliably as a 
part of the system. Secondly, the reliability of the complete 
system must be demonstrated. 

Component reliability demonstration techniques have been 
developed by Robert Lusser* and have been widely accepted. 
However, there is no widely accepted technique for demon- 
strating the reliability of the integrated complex subsystems 
and systems. For this reason, the Sequential Probability 
Ratio Test is presented herein. 


Advantages of a Sequential Procedure 


A sequential procedure is a type of statistical evaluation 
program in which the number of systems to be tested is not 
predetermined but, rather, the testing is continued, and the 
results analyzed after each system is tested, until the results 
are sufficient to indicate a decision. 

According to the older statistical procedures, the sample size 
would be determined before the testing is begun. But even 
though the results may be conclusive early in the testing, be- 
‘ause the data are not evaluated after each system is tested, 
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it would go unnoticed and all the following systems are 
literally wasted. 

Missile systems are expensive and usually testing is, by 
necessity, destructive. It is obvious that any missile statisti- 
cal program should test only enough, and not more, system: 
than are necessary to give the required results. This is the big 
advantage of a sequential procedure. 

The second advantage is that all calculations can be done 
prior to testing and they are very simple. It will be shown that 
there are actually no computations to be made once testing is 
begun and this is in spite of the results being analyzed afte: 
each system is tested. 

As an example, sample size for the classical statistical ap 
proach is 300 but seven out of the first 20 units tested hav: 
failed. Sequential analysis may indicate rejection right at 
this point. But 280 additional units would be tested and 
wasted if the older statistical procedure were used. 


Sequential Probability Ratio Test 


Whenever the testing results for each system can be ex- 
pressed as go or no go, good or bad, satisfactory or unsatis- 
factory, and the universe of the type of system under test can 
be considered infinite or at least very large, there would be « 
certain percentage of good systems in the universe of that type 
of item. The purpose of the testing is to determine if this per- 
centage of good systems is satisfactory. 

By testing one system at a time the percentage of successes 
wil! tend to come closer and closer to the true percentage of 
good systems in the universe. The universe of a system can 
be thought of as being the total number of systems of the same 
type that will be produced. 

The SPR test shows for every sample size, beyond the 
minimum number of required consecutive successes or failures, 
an acceptance number and a rejection number. This means 
that for any size sample, if the number of successes is greater 
than or equal to the acceptance number, testing may be 
terminated and the type of system accepted as having the re- 
quired percentage of good systems in its universe (i.e., ade- 
quate reliability). If the number of systems tested success- 
fully is below or equal to the rejection number, the type of sys- 
tem can immediately be rejected for inadequate reliability. 

It is apparent that since a decision must be made on the 
basis of a sample there is always the possibility of sampling 
error. A satisfactory universe may be rejected or an unsatis- 
factory universe may be accepted. Therefore the customer 
must prescribe a risk, B, which he is willing to take of accept- 
ing a bad universe and the producer must prescribe a risk, A, 
which he is willing to take of rejecting a good universe. Also 
the customer requires at least a certain fraction, Ro, of good 
items in an accepted universe, but will not be hurt too much 
if the true reliability is slightly lower, R,. 

The SPR test, then, consists of testing, one unit at a time. 
until the results indicate rejection at A risk to'the producer or 
acceptance at B risk to the customer. 


When the SPR Test May Be Applied 


"The SPR test is applicable when: 


1 The parties concerned can agree on two reliability 
figures, Ry > R,, such that if the true reliability, of the type o! 
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unit being tested, is less than R,, the error resulting from ac- 
ceptance is of great practical consequence. And, the error 
resulting from rejection is of great practical consequence if the 
true reliability is equal or greater than Ro. If the true re- 
liability is between R, and Ro, no particular harm would re- 
sult from a decision of either acceptance or rejection. 

2 The universe from which the sample is taken is infinite 
or, at least, very large. This means that the systems tested 
ust be as similar as possible to those that are to be produced 
in the future. 

3 A consumer’s risk (B) and a producer’s risk (A) are 
chosen. 

4 The existing systems can be randomly sampled and the 
field conditions adequately simulated by the test conditions. 


ie How to Apply the SPR Test 

This paper will now show how to apply the SPR test 
equations. Derivations wil! not be given but they can be 
found in Reference (6). 


Procedure 


The equations and relationships used in the SPR test can 
he reduced to two straight lines determined by 


R 1-B 

gm log + dm log = log 
R P 

gm log + dm log = log [2] 


Number of failures (i.e., dm) is plotted on the vertical axis 
and the number of successes (i.e., gm) is plotted on the hori- 
zontal axis. 

The two straight lines are plotted by substituting the as- 
signed values of Ri, Ro, A and B into the two equations and 
graphing the result. This is done prior to commencement of 
testing. All that remains, once testing has begun, is to run a 
plot line one unit to the right after a success or one unit up 
after a failure. Testing is continued and the plot line is ex- 
tended either a unit to the right (for a success) or a unit up 
(for a failure) until the plot line intersects one of the two 
straight lines. If the upper line is intersected, rejection is in- 
dicated. If the lower line is intersected, acceptance of the 
system as having the required reliability is indicated. 


R, = 0.94 
A = 0.05 B = 0.05 


By substituting these values into the two equations, two 
parallel straight lines are obtained and then plotted as shown 
in Fig. 1. The ordinate represents the number of failures and 
the abscissa represents the number of successes. As the test- 
ing proceeds the successful and unsuccessful tests are plotted 
in sequence. 

Testing is terminated when: (a) The lower line is inter- 
sected; the reliability of the system is considered acceptable. 
The consumer’s specifications have been realized. Or (b) the 
upper line is intersected; the reliability of the system is then 
considered unacceptable and rejection follows. The con- 
sumer’s specifications have not been attained. 

One of the main advantages of the sequential approach is 
that the true reliability value will usually favor either Ry or R, 
and the sequential test will quickly accept the value favored. 
Another advantage is that it is not necessary to be concerned 
with variance or calculations of the data since the data are 
completely recorded by extending the plot line until it inter- 
sects either of the straight lines. 

In this figure, it is seen that 70 consecutive successful tests 
ure sufficient to accept the system and only three initial 
failures are required for rejection. Therefore, if the first 
three tests are failures, the testing can be terminated with re- 
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Fig. 2 Sequential probability ratio for Ry = 0.9998, R, = 0.982, 
A = 0.05, B = 0.05 


jection of the system, indicating that redesign and/or im- 
provement is necessary. 

In this figure two situations are given: 

In one situation, 30 consecutive successful tests (gm) were 
recorded, then one failure (dm) followed and then 65 consecu- 
tive successful tests—a total of 96 tests. On the last test the 
lower line was intersected, resulting in a decision to accept. 

In the other case, the test results gave the following se- 
quence: 10 successes, | failure, 10 successes, 2 failures, 10 
successes, | failure. This total of 34 tests resulted in the top 
line being intersected on the last test, indicating rejection. 


Example 2 


Ry = 0.9998 


R, = 0.982 
A = 0.05 7 


B = 0.05 
By substituting these values into the two equations, two 
parallel straight lines are obtained and then plotted as shown 
in Fig. 2. 

The plot line in Fig. 2 represents the following sequence: 
79 successes, 1 failure. This total of 80 tests resulted in the 
top line being intersected on the last test, indicating rejection. 


Expected Sample Size 


It is shown in the references that the actual expected sample 
size cannot be determined a priori because the true reliability 
(i.e., percentage of successes in the universe) is unknown. 
However, by assuming various values for reliability, the 
average sample number curve can be plotted. The largest ex- 
pected sample size occurs for reliability values between Ry and 
R,. Even in this, the worst case, the expected sample size is 
usually practical. 

RMI has had good results by assuming the true reliability 
is equal to Ry and using this value to calculate average 
sample size. 

The average sample number (ASN) equation is 


og A 


kh ASN = 

(Continued on page 899) 


For Example 1, the ASN is 138. 01 
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Spectroscopic Studies of the Effect of 
Boundary Layer Flow on Flameholding’ 


EDWARD S. WILSON,’ RICHARD R. JOHN? and MARTIN 
SUMMERFIELD‘ 


Daniel and Florence Guggenheim Jet Propulsion Center, 
Princeton University, Princeton, N. J. 


4 spectral intensity method for measuring the local 
fuel-air ratio in two-dimensional hydrocarbon-air flames 
is used to explore the phenomenon of preferential diffusion 
in the wake of bluff body flameholders. The findings 
support the hypothesis that turbulence in the boundary 
layer and in the adjacent flow reduces the degree of pref- 
erential diffusion and this, in turn, explains the observed 
shift in flameholder stability limits. 


Nomenclature 
CH/C; = ratio of spectral radiations at 4300 A to spectral 
radiations at 5150 (band width approx. 
100 A) 
L = length of recirculation zone 
Re = Reynolds number based on mainstream velocity 
and flameholder diameter 
tehem = chemical time characteristic of stabilization 
mechanism 
Uso. = blow-off velocity 
x = axial distance from € of flameholder rar - 
(CH/C.];  _ 
= radiation deviation parameter 
[CH/C2]o 
or = fuel equivalence ratio Oe 
Subscripts a 
Introduction 


N CURRENT theories of the mechanism of flameholding 

by bluff bodies in high speed streams of fuel-air mixtures, 
the state of the boundary laver as it separates from the 
flameholder has an important effect on the blow-off curves 
(stability limits) (1, 2).°. Whether the boundary layer is lam- 
inar or turbulent determines the extent of preferential diffu- 
sion of fuel and oxygen into the stabilizing eddy; this in 
turn affects the blow-off velocities. It is the purpose of this 
note to report on the application of a previously described 
spectral intensity technique (3) to the exploration of the 
extent of such preferential diffusion as it is affected by the 
condition of the boundary layer and the adjacent flow. 
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Spectral Intensity Method 


The visible radiation in premixed hydrocarbon-air flame- 
is due for the most part to the emitters CH, C. and CO,* 
Propitiously, the intensity ratio of the radiation emitted at 
4300 A to that emitted at 5150 A (denoted hereafter as CH/C: 
in a laminar flame is a unique function of fuel/air ratio (see 
3, Fig. 1). The curve of intensity ratios for a lamina: 
flame can be used (within limits) as a calibration curve tc 
determine the local fuel/air ratio in any section of a two- 
dimensional flame of nonuniform mixture ratio burning at 
approximately the same temperature and pressure. Fo: 
convenient reference in this paper, the calibration curv 
from (3) for a propane-air laminar flame has been replottec 
in Fig. 1. It is useful in the presentation of the intensit, 
ratio traverses to normalize the ratio by dividing the valu 
at each station along the traverse by the asymptotic valu 
at the end of the traverse. Thus, the normalized intensit, 
ratio [CH/C2],/[CH/C:2]> is plotted in Figs 2, 3, and 4 
[CH/Cs2], refers to the local radiation intensity ratio in the 
nonuniform reaction zone under investigation; [CH/C,), 
refers to mainstream conditions. [CH/C.2]> is determined by 
the measured intensity ratio downstream of the flameholding 
region where preferential diffusion effects (see belew) are 
seen to have disappeared. Then, from [CH/C,),/[CH/C2] 
it is possible to estimate immediately the deviation of the 
local fuel equivalence ratio from the mainstream value. 
Since the radiation parameter [CH/C2],/[CH/C2]o can be 
measured in an arbitrarily small zone of the flameholding 
region, depending only on the sensitivity of the receiver, the 
method permits detailed study of the progress of diffusion. 
This is to be compared with sampling methods that usually 
produce only gross average measurements of composition in 
the entire zone. 

The spectral method for the determination of local fuel/air 
ratios in a reaction zone is, of course, dependent on the as- 
sumption that the burning conditions in the reaction zone 
under investigation are identical to those in the laminar cali- 
bration flame. Ideally, this assumption can be checked by 
measurement of the local fuel/air ratio using another experi- 
mental technique, e.g., chemical sampling. This direct com- 
parison was outside the scope of the present program. How- 
ever, an indirect check on the method was obtained from the 
observation that the absolute value of [CH/C2]) measured 
locally in the mainstream was always within +10 per cent 
of the value of [CH/C,] obtained from the calibration curve 
(at an identical mixture ratio). 

The process of selective diffusion in the wake of a flame 
stabilizer reveals itself only at low Reynolds number (1, 2). 
In the Reynolds number regime (Re < 104) the mechanism of 
stabilization is influenced by the preferential molecular 
diftusion of fuel and oxygen into the flameholder region. 
Since, in general, the fuel and oxidizer can be expected to have 
different diffusivities, reaction in the flameholder region oc- 
curs at a different fuel/air ratio than that in the mainstream. 


Experimental Results 


The flow system (propane-air) and the radiation detection 
system (photomultiplier tube-interference filters) have been 
described in (4). As in the earlier experimertts, combustion 
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Fig. 1 CH/C, vs. fuel equivalence ratio at a station remote from 
the flameholder (calibration curve, reproduced from Ref. 3 


took place in a 1/s-in. X 2-in. two-dimensional duct, 12 in. 
long with Vycor glass walls. The flameholders were mounted 
parallel to the short side of the duct. The distribution of 
CH C2],/[CH/C2]> was determined downstream of the 
stabilizer as a function of (a) boundary layer disturbance, 
mainstream turbulence, (c) flameholder diameter and 
(1) stabilizer Reynolds number. 

The general view of the equipment is shown in Fig. 5. 
The radiation detection assembly, including photomultiplier, 
interference filter and collimator (for eliminating stray radia- 
tion), was mounted on a universal feed mechanism with a 
horizontal and vertical motion. During operation, the burner 
and the detection assembly were surrounded completely 
with a blackened enclosure. (One panel of the enclosure was 
removed to obtain the photograph in Fig. 5.) The pressure 
taps shown along the outer wall of the burner were not 
used in the present program. Typical flames anchored on 
two rod-type flameholders, i.e., 1/3 and 1/5 in. diam are pre- 
sented in Fig. 6. In the experiments reported herein, 
measurements were confined to the “‘ears’’ of the flame im- 
mediately downstream of the stabilizer. Fig. 7 shows a 
flame stabilized on two different flat plate (41/2 in. long and 
''s in. thick) holders. In this case, both flat plates have 
identical nominal cross sections; however, the plate on the 
right has been artificially roughened with boundary layer 
trips. It is noted that in either case the flameholding region 
appears to be similar to that characteristic of the simple rod. 

Inspection of the results shown in Fig. 2 shows that strong 
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deviations from the free stream radiation intensity ratio 
occur near the stabilizer, and that this deviation gradually 
disappears at greater distances downstream of the stabilizer. 
This gradual decay of the intensity ratio deviation is indic- 
ative of the gradual disappearance of preferential diffusion 
effects (see Fig. 1). Fig. 2 also shows that the insertion of an 
1 /in. mesh turbulence grid upstream of the stabilizer resulted 
in a downward shift of the [CH/C.],/ [CH/C2]> distribution. 
The presence of local turbulence (introduced by boundary 
laver trips) caused an even greater downward shift of [CH/C.], 

[CH Thus, boundary layer turbulence produced 
either by mainstream or local disturbances results in a reduc- 
tion in the degree of selective diffusion. 

In Fig. a comparison is made of [CH/ Cs], 
at constant flow conditions for three fameholders of different 
diameters. Contrary to expectations, the distributions in- 
dicate that the extent of the selective diffusion zone is nearly 
independent of flameholder diameter. In dimensionless 
distances, the region of selective diffusion for the 0.032-in. 
stabilizer extends more than fifty rod diameters, while for 
the 0.25 in. stabilizer it extends only six or seven rod diame- 
ters. Thus, at least for small rods, it is probable that the 
preferential diffusion process continues far downstream of the 
termination of the recirculation zone. 

The data presented in Figs. 3 and 4 show that preferential 
diffusion occurs in all tests in the range of Reynolds numbers 
from 0.5 X 10° to 10 & 10°. This finding agrees with the ob- 
servation (1) that the blow-off curves for this tvpe of air-fuel 
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Fig. 5 Experimental apparatus with enclosed burner on left and 
radiation detection assembly at right 


mixture are shifted to the rich side of the stoichiometric 
value. The flow capacity of this equipment was inadequate 
to perform tests above 104 Reynolds number. 


Discussion 


It has been recently suggested (5) that the process of 
blow-off from a bluff body stabilizer, immersed in premixed 
combustibles, can be expressed in the form 


Us.o. = L/tehem 


The chemical and fluid dynamical aspects of the stabiliza- 
tion mechanism are separated into the independent param- 
eters lenem and L; L is the length of the recirculation zone 


Fig. 6 Propane-air flames stabilized on cylindrical flame- 
holders—}-in. rod (below), }-in. rod (above); combustible 
lence ratio 1.40 Z 


(above); combustible velocity 40 fps; equivalence ratio 1.40 


and fehem can be interpreted as the induction time for ignition 
of the freestream. If the time (Z/Ug,..) during which 
fresh combustibles are in contact with the hot wake is less 
than the time for ignition (tenem) the flame will not anchor. 
The existence of the preferential diffusion process and the 
resultant shifts in the stability limit curves imply that below 
the critical Reynolds number, tenem,, characteristic of the 
stabilization mechanism is not the same as fchem,o character- 
istic of the free stream. The significant chemical reaction 
time for blow-off is tehem,; and not tchem,o. ln 
To conclude, an important aspect of the experiments is c 
the demonstration that the state of the boundary layer at 
the point of separation and in the stream adjacent to the 
stabilizing eddy has a significant effect on the radiation in 
this region. Although these experiments did not include t 
blow-off tests, the correlations found previously betwee 
the radiation data and blow-off data of others suggests that 
the state of the flow in the boundary layer affects the blow-of! 
limits through its effect on the local diffusional processes 
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Vectored Injection Into a Hypersonic 
Laminar Boundary Layer 


SINCLAIRE M. SCALA! and GEORGE W. SUTTON? 


General Electric Co., Philadelphia, Pa. 


‘JHE heat transfer in hypersonic flow has been investigated 
& (1)° for vectored area injection of fluid into the boundary 
laver. Vectored injection corresponds to (a) transpiration 
cooling with injection oblique to the surface and (b) film cool- 
ing with evaporation. 

Upon utilizing a modified Levy transformation (2), the 
boundary layer equations, in the absence of gas phase reac- 
tions, become 


Z ian + {Z;, [3] 


at the stagnation point of a blunt body. 
In Equations [1-3] the Prandtl and Schmidt numbers were 
taken equal to unity and py was taken constant. The sym- 


bols are 
Cy = skin friction coefficient 7:/3piue? 
Cj = mass fraction of species 7 Ol 
Cp = specific heat at constant pressure .+ a 
H = stagnation enthalpy 
K = coefficient of thermal conductivity a , o- 0.05 0.1 0.15 02 
T = temperature fj 
u,v = tangential and normal components of velocity 2 
r,Y,% = coordinate system : Fig. 1 Variation of enthalpy gradient with normal and tangential 
velocities 
n,& = similarity variables De et 
= viscosity 
subscripts 
e = outer edge of boundary layer 
i = inner edge of boundary layer 
= stagnation point = 


The solutions to Equations [1, 2, 3] were obtained on a 


REAC differential analyzer. It is noted that the complete 4 10 
eventh order system was treated as a fifth order system since o 
vith the particular choice of variables listed, Equations [2, 3] > 
ave precisely the same boundary conditions and hence are ve 08 

quivalent, that is mh 

1 06 

n =0: fe = fi = a( 
Ue dx 8 pi 

04 

=8=—-1 4 

02 


n= o: lim f,=1, lim s= lim Z; =0 
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A significant portion of the aerodynamic heat transfer at a 
stagnation point is due to conduction, which is given by 


= or du, Pi 3 


It has been previously observed by many investigators that 
the effect of mass addition is to reduce the energy transfer to a 
surface. This result is indicated in Fig. 1, as the reduction in 
8; With inereasing —f;. However, it is seen that the tan- 
gential component of velocity at the inner edge of the bound- 
ary layer also has a marked effect on the energy transfer. A 
tangential component in the direction of the main stream in- 
creases the heat transfer to the surface and vice versa. 

The effect of vectored injection on skin friction was also in- 
vestigated. The results may be expressed in terms of the 
ratio of Stanton number to skin friction _— ent, which be- 
comes 


This ratio is weakly dependent on f; up to values of —0.2, 
but has a strong dependence on the tangential velocity, as is 
shown in Fig. 2. Note that Reynold’s analogy would predict 
that 2C,/Cy = 1.0. 
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On Secondary Atomization of Droplets 
J. R. H. DEMPSTER'! and M. S. SODHA! 
University of British Columbia, Vancouver, B. C., Canada 


HE experimental work of Scheubel (1),? Kliisener (2), 

Siestrunck (3), Littaye (4), Lane (5) and Ryley (6) re- 
veals that the criterion for secondary atomization (shattering 
of droplets) on collision can be represented by 


a(2rR? + 27 R? — 827?) = 


2 
Tr? = Te 


Hence we obtain ie 
a 
[3] 
(Be)? 


Since the right-hand side of Equation [3] is a decreasing 
function of ¢€ in the range 0 < € < 2, Equation [1] follows from 
Equations [2 and 3]. 


References 
1 Scheubel, F. N., “On Atomization in Carburetors,’”’” NACA 
TM 644, 1931. 

2 Kliisener, O., “Zum Einspritzvorgang in der Kumpressor- 
losen diselmaschine,” Z. des Vereines deutscher Ingenieure, vol. 
77, 1933, p. 171. 

3 Siestrunck, R., 
Liquides |'influence d’un Souffrage Axial, 
215, 1942, p. 404. 

4 Littaye, G., “Sur une Theorie de la Pulverisation des Jets 
Liquides,’”’ Comptes Rendus, vol. 219, 1943, p. 99. 

5 Lane, W. R., ‘Shatter of Drops in Streams of Air,’ 
trial and Engineering Chemistry, vol. 43, 1951, p. 1311. 

6 Ryley, D. J., “Behaviour of Water Globules in Steam,’ 
The Engineer, vol. 198, 1954, p. 74. fe 


“Sur les Regimes de Resolution des Jets 
Comptes Rendus, vol. 


Indus- 


A Mechanical Igniter for Liquid 
Rocket Engines’ 
KURT R. STEHLING? and JOSEPH L. FREELAND® 


= Naval Research Laboratory, Washington, D. C. 


Upped rocket thrust chambers are ignited in three 
ways: (a) By pyrotechnic squibs for single start cham- 
bers, (b) by hypergolic or catalytic reaction, (c) by electric 
spark or glow plugs. 

Only the glow or spark plug igniters have a ready multi- 


RETAINING 
ADJUSTING SCREW 


RETAINING 


. . . 
v = velocity of impinging droplets 
=radi NECTED TO 
r radius of droplets ‘on 
This fact can be understood if we suppose that in a direct PISTON is 
impact at fairly high velocities the two impinging droplets ericrion 
form roughly a disk of radius R and thickness eR. We may TOR MITRIC 
36 IN. DIAMETER TANGENTIAL ACID IN 


further assume that when e < €) < 1, i.e., when the radius of 
the disk is much larger than its thickness, the disk breaks into 
smaller droplets whose diameters are of the same order as the 
thickness of the disk. If € > €, the disk will attain a spherical 
form, resulting in the coalescence of droplets. Thus the con- 
dition for secondary atomization is 


Conservation of energy and volume of liquid are expressed 
by 
Received May 28, 1957 
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SWIRL INJECTION 
NOZZLE (2) 


Fig. 1. Idealized sketch of the experimental igniter assembly 


start capability. The spark plugs do not work well with 
acid-hydrocarbon systems because of quenchjng of the spark 
by the conductive acid. Neither do these — work well 
for high altitude starts. 
Received April 1, 1957. 
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After several earlier development problems, mainly the 
proper sequencing of propellants and the construction of a 


REWORKED ELECTRICAL spark generator, reliable ignition was obtained. High speed 
IGNITER BODY 


photographs and other measurements showed that no dan- 
gerous ignition delay occurred. The flints were not bothered 
by the acid; indeed, several commercial flints were soaked in 
WFNA and RFNA for several days. They were coated with 
a white substance which rubbed off on the first pass of the iron 
striker and did not prevent spark formation. 

Several ignition tests were made at low temperatures (30 F) 
and at simulated high altitudes (about 40,000 ft). In all cases 
acid JP-4 ignition was obtained (Fig. 3). 

Two tests were made with n-propyl nitrate at low tem- 

in peratures and high altitudes. Again, ignition resulted. 
Fig. 2 Working model of igniter It is believed that the usefulness of this ignition scheme re- 
sults from the nature of the sparks which act as loci or little 
individual ignition sources. These little igniters, so to speak, 
travel through the vaporized propellant zone adjacent to each 


The mechanical method, here, is based on the flint-spark 


principle. It was hoped with this to by-pass some of the dis- spark. One of the evils of high altitude ignition of propellants 
advantages of the afore-mentioned ‘‘normal’’ ignition schemes. (whether in a rocket thrust chamber or ramjet) is the rapid 
Millions of cigarette and gas lighters have been manufactured transport of combustibles away from an ignition source, such 
which are based re oo flint = principle. A hard _ as a spark or glow plug. The sparks, on the other hand, travel 
ratchet or serrated wheel rubs a ferrocerium alloy (flint) anc through much of the vaporized or gaseous propellant region 
generates a shower of sparks which in turn ignite a gas or a and ignite in many local spots at once 

wick saturated with some inflammable liquid. The spark generation does not drop off much with altitude. 


A flint igniter was assembled by taking apart a rugged weld- 
ing spark striker. Some of the parts were assembled as shown 
in Figs. 1 and 2, A serrated silica iron plunger was actuated 


A shower of sparks was even obtained when the plunger and 
flints were actuated in a closed chamber filled with nitrogen 
or evacuated to the equivalent of 50,000 ft. 


by a solenoid; when a toggle switch was flipped the plunger Little information exists on the nature of the “pyrophoric’”’ 
rubbed on the flints and threw a great shower of sparks into action of these cerium alloys. The meager literature that 
the cavity of the little electrical igniter body. exists states that the spark is really a small bit of ferro-cerium 


_ RFNA and JP4 were injected through atomizing nozzles alloy oxidized to incandescence after being rubbed off. It is 
into the igniter chamber just at the moment when the sparks the authors’ opinion that while oxidation is probably re- 
were generated. An acid lead was used. sponsible for some of the spark, frictional incandescence of 
the metal also plays a part since sparks were produced in an 
environment having only a small fraction of sea level oxygen. 

R. Paris and J. Zolch of the Ignition Branch, Wright Air 
Development Center, were most helpful with advice and en- 
couragement. 


The Determination of Thermal Entrance 
Lengths for Gases in Turbulent F low 
in Smooth Round Duets’ 


u H. WOLF? and J. H. LEHMAN? 


Jet Propulsion Center, Purdue University, Lafayette, Ind. 


HIS note describes the results of some recent experiments 

for determining the thermal entrance lengths for air and 
carbon dioxide in turbulent flow through a tube under condi-— 
tions of large temperature difference between the flowing gas — 
and the wall of the tube. In the experiments the ratio of the | 
average wall to average gas bulk temperature, J, To, was” 
varied from 2.11 to 2.72 for bulk Reynolds numbers ranging 
from approximately 50,000 to 250,000. The experiments were 
conducted in three different electrically heated test sections 
0.569 in. ID having lengths of 21, 40 and 60 diameters; the 
test sections were made from Haynes Alloy 25(L605). In all 


+ 


May 22, 1957. 

' This work was sponsored by Project SQUID which is sup- 
ported by the Office of Naval Research under contract N6-ori-105, 
T.O. III, NR-098-038. Reproduction in full or in part is i 


mitted for any use of the U. 8. Government. 
Fig. 3. Propellant ignition starting sequence (Fastax camera, 2 Research Assistant. Mem. ARS. veniaan 
1500 frames/sec) Graduate Assistant. Mem. ARS. =e 
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Fig. 1 Variation of corrected local Nusselt number with x/d for 
air; uniform initial temperature profile, fully developed initial 
velocity profile, constant heat flux 


cases the flow conditions at the entrance to the test section 
were characterized by a fully developed turbulent velocity 
profile and a uniform temperature profile. 

The thermal entrance length is defined as the axial distance 
from the onset of energy exchange to the cross section where 
the thermal boundary layers meet in the center of the tube. 
The thermal entrance lengths reported in this note were in- 
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Fig. 2 Variation of local Nusselt number with x/d for carbon 
dioxide; uniform initial temperature profile, fully developed ini- 
tial velocity profile, constant heat flux 
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Fig. 3 Influence of initial Reynolds number upon one per cent 
entrance length; uniform heat flux, uniform initial temperature 
profile, fully developed initial velocity profile 


ferred from measurements of the local heat transfer coefficient 
h,/p and from calculated values of the local Nusselt number 
Nyu(z/p) With the physical properties of the gas evaluated at 
the local bulk temperature. Because it is difficult to deter- 
mine precisely the point at which the local heat transfer co- 
efficient (or Nusselt number), when plotted as a function of 
x/D, becomes asymptotic to the z/D axis, it is convenient to 
define a per cent’’ and a “1 per cent’’ entrance length 
Lm or Lys, Ly; as the distance required for the local value of /: 
or Nyx, respectively, to attain a value equal to 1.05 or 1.01 
times the asymptotic value. 

The entrance lengths reported in the literature (1—4)4 for 
turbulent flow are of the order of 10 diameters or less for 
fluids having a Prandtl number greater than 0.70. Reference 
(4) indicates that the influence of Reynolds number upon the 
entrance length for water, Prandtl] number 6.5 to 8.0, was very 
small. Analytical predictions of the entrance length (6-10) 
based upon the calculated values of local Nusselt number 
assuming constant properties for the fluid and constant wall 
temperature indicate values less than 10 to 12 diameters for a 
fluid having a Prandtl number of 0.72, when the Reynolds 
number is 100,000. The analytical work of Deissler (5) which 
considers variable physical properties and uniform heat flux, 
predicts the thermal entrance lengths, based upon the calcu- 
lated thickness of the thermal boundary layer, to be of the 
order of 16 to 20 diameters over an initial Reynolds number 
(viscosity evaluated at the temperature of the gas at the en- 
trance to the test section) range of 50,000 to 150,000 for the 
case where the wall heats the gas. 

Fig. 1 presents experimental values for the corrected local 
Nusselt number as a function of the axial distance, z/D, along 
the tube for air, for bulk Reynolds numbers of 50,000, 100,000 
and 150,000. Fig. 2 presents similar data for carbon dioxide. 
The results presented in Figs. 1 and 2 were obtained with the 
three different test sections referred to earlier. It was not 
possible to maintain identical flow conditions in all three test 
sections; furthermore, the heat transfer parameter 6 does not 
remain constant along the length of the test section for the 
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uniform heat flux boundary condition corresponding to elec- 
trical heating of the test section. It was necessary, therefore, 
that the local values of the Nusselt number be corrected to a 
nominal value of Band Reynoldsnumber. In general, the heat 
transfer parameter @ is defined (11) by the equation 


wlw 
= unit at the wall, ft? 


T» = shear stress at the wall, lb/ft? 


g = acceleration due to gravity, ft/sec? ‘ae 
Pw = mass density of the fluid at the wall, lb sec?/ft* : 
i. = temperature at the wall, degrees Rankine oe 


It is seen from the data and curves of Figs. 1 and 2 that the 
local values of the Nusselt number are not influenced appreci- 
ably by the length of the test section. The large values of the 
5 per cent entrance length Lys, which range from 30 to 42, 
urise from the influence of increasing bulk temperature upon 
the value of the thermal conductivity of the flowing gas and 
consequently upon the Nusselt number. The local value of 
the Nusselt number, therefore, does not attain a constant 
value but continually decreases with the axial distance along 
the electrically heated tube. For that reason the local 
Nusselt number is not a reliable criterion for establishing the 
value of the thermal entrance length for fluids having physical 
properties which vary appreciably with the temperature. 

Fig. 3 presents the relationship of the 1 per cent entrance 
length LZ, for air and carbon dioxide as a function of the initial 
Reynolds number. The values of L,; were obtained from the 
variation of the local heat transfer coefficient with axial dis- 
tance. 

Since the value of 8 is not constant along the length of the 
test section, Deissler (5) recommends the parameter @ defined 


as 


qu 


dw = unit heat flux at the wall, Btu/sec ft? 


cy = specific heat at constant pressure, Btu/lb R 
Yi = specific weight at the initial temperature of the gas, 
lb/ft? 
fi; = average velocity of fluid at the inlet to the test section, 
fps 
i; = inlet temperature, degrees Rankine 


The results presented in Fig. 3 are correlated with the 
parameter @. Fig. 3 compares the experimental values 
with those predicted by (5) from calculations of the thermal 
boundary layer thickness for the case where air is the 
heat transfer fluid. It is seen that the agreement is quite 
satisfactory. In the case where the flowing gas was carbon 
dlioxide the experiments show that the entrance lengths Zp; are 
significantly less than those obtained for air for the same val- 
ues of initial Reynolds number. 

Figs. 1, 2 and 3 present results obtained from experiments 
where the gases were heated by the walls of the tube. Ex- 
periments are currently being conducted that will permit 
calculation of local heat transfer characteristics and conse- 
quent evaluation of the thermal entrance length for the case 
where hot gases are cooled by the walls of the tube. 

The authors wish to express their appreciation to M. J. 
Zucrow for his helpful guidance during the course of the in- 
vestigation and to the staff of the Jet Propulsion Center, 
Purdue University, for their assistance in constructing and 
maintaining the apparatus. 
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Demonstrating System Reliability by SPR Test 


(Continued from page 891) 


Repeated Testing of the Same Systems 


Ideally, a new system should be used for each test. How- 
ever, this is usually economically unfeasible. Therefore, sys- 
tem testing must be limited to repeated testing of the same 
systems. This repeated testing of the same systems proves 
that if all components are reliable, the system will be reliable. 
But, component reliability has already been demonstrated by 
extensive test to failure. Therefore, repeated testing of the 
same systems is philosophically consistent as well as prac- 


tical, 


Conclusion 


When values for the four parameters can be agreed upon, 
sequential analyses may be used. Ry and a slightly lower (or 
compromise) figure, R,, then, are determined, and testing is 
continued, as has been shown, on] until there is sufficient 
evidence to indicate rejection at A1 < to the producer or ac- 
ceptance at B risk to the consumer. 
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= Propellant Bibliography 


ALFRED J. ZAEHRINGER' 


a American Rocket Co., Wyandotte, Mich. 


HIS work was begun as a private com- 

pilation of all available entries in the 
field of solid propellants. However, the grow- 
ing list indicated a vast total of unclassified 
literature which warranted a _ systematic 
search and subsequent publication. It was 
found that such a bibliography did not exist 
and that its existence would be a valuable 
research tool to all. At this point, Project 
SQUID agreed to sponsor the task. 

The purpose of this bibliography is (1) to 
secure an over-all view of the state of the art, 
and (2) to implement and supplement the 
classified works available through the Solid 
Propellant Information Agency. This un- 
classified work should be of value to those in 
both the classified and unclassified fields. 
To the former it will indicate what has been 
done in an effort to avoid duplication. 
To the latter this work will find value as an 
introduction or a starting point for research. 

As this bibliography reveals, the solid 
propellant field is rich in lore. The span 
represented here is roughly the years 1850- 
1956, and nearly 2000 entries are presented. 
Standard documentation techniques and 
abbreviations have been used. In addition, 
where abstracts exist, there follows a notation 
indicating where they are available. Since 
abstract publications are sometimes late in 
reporting (especially with foreign publica- 
tions or during wartime conditions), the year 
of abstract availability is also included. The 
following symbols are used to indicate ab- 
stract publications: BSIR (Bibliography of 
Scientific and Industrial Reports, U.S. Depart- 
ment of Commerce), CA (Chemical Abstracts), 
CZ (Chemisches Zentralblatt and its prede- 
cessor Chemisches Central-Blatt), and EI 
(Engineering Index). Wherever possible, 
English titles have been used, except in the 
ease of books or where a translation might 
have changed the meaning. 

An attempt has been made to divide the 
various entries into fields of interest. How- 
ever, this system is sometimes arbitrary and 
choosing the category was difficult for some 
items. It should be noted that duplicate or 
cross-listings are not used. Titles are often 
misleading and, in most cases, the abstract or 
article was read to determine either a definite 
solid propellant item or one of value to the 
field. Listings are alphabetical by author 
and each item has been numbered for refer- 
ence purposes. While an attempt at com- 
pleteness and accuracy was made, it is realized 
that some errors or deletions may have been 
inadvertently made. The author, therefore, 
welcomes comments about corrections or 
additions. 


EDITOR’S NOTE: The printing and dis- 
tribution of this manuscript in JET PROPUL- 
SION have been financed entirely by Project 
SQUID under Contract N6-ori-105, Task Order 
III, NA-098-038. It is included in this issue as 
a service both to Project SQUID and the member- 
ship of the ARS. Sponsored manuscripts are 
published from time to time at the cost of the 
sponsor if they are deemed of interest to ARS 
members. 

' President. Mem. ARS. 


In addition to the conventional rocket 
propulsive applications, a growing number of 
diverse applications has been noted. These 
began as early as 1871 (1.001) and now 
include power for autogyros and helicopters 
(1.008, 1.063), antispin rockets (1.013), 
valve operation (1.017), starters (1.018, 1.019, 
1.053, 1.065, 1.086, 1.158), recoilless guns 
(1.010, 1.083), industrial applications (1.087, 
1.088, 1.089, 1.133, 1.152, 1.155, 1.164), 
and a host of auxiliary devices (1.084, 1.110, 
1.153, 1.165, 1.169). 

Even the conventional application of solid 
propellants for rockets, missiles, and RATO 
seems to have been widely diversified: 
rainmaking (1.033); lifesaving and project- 
ing (1.036, 1.122); astronautics (1.098, 1.127, 
1.170), and research (1.041, 1.042, 1.045, 
1.054, 1.057, 1.085, 1.106, 1.121, 1.136, 
1.150). Hybrid applications have also ap- 
peared (1.077, 1.091, 1.159). 


2 Ballistics, External 


Theories of the external ballistics of solid 
propellant rockets have been published (2.010 
2.015, 2.030, 2.031, 2.036, 2.040) and have 
been followed by general performance anal- 
yses (2.003, 2.004, 2.005, 2.015) and per- 
formance under actual conditions (2.007, 
2.008, 2.011, 2.014, 2.033, 2.034). 


3 Ballistics, Internal 


Spurred on by applications of new, high 
energy propellants, the field of internal 
ballistics received early attention by such 
investigators as Bunsen in 1857 (3.060), 
Abel in 1869 (3.001), Berthelot in 1871 
(3.035, 3.036), and Charbonnier in 1908 
(3.069). Increasing attention to the com- 
bustion of propellants in guns lead to a study 
of burning in bombs. This work, uniting 
guns and rockets, was carried out by workers 
such as Muraour and co-workers (3.237- 
3.301) and by later workers such as Bourgoin 
(3.047), Bonner (3.045), and Crawford (3.090, 
3.091). The relationship between bom 


burning rates and rocket motors has also been 


investigated (3.317). 

The importance of additives, catalysts, etc., 
on the burning of propellants has been recog- 
nized (3.012, 3.033, 3.056, 3.203, 3.257, 
3.267, 3.276, 3.334) but not completely ex- 
plained. Other phenomena noted: radiation 
(3.021, 3.034, 3.243, 3.318, 3.320), heat con- 
duction and transfer (3.019, 3.030, 3.031, 
3.032, 3.139), solid particles in the exhaust 
(3.050, 3.144, 3.229) and erosion of propellants 
(3.005, 3.152, 3.204, 3.252). Of increasing 
importance is the study of combustion in- 
stability (3.071, 3.072, 3.151, 3.174, 3.176, 
3.383). 

Recently, the long bifurcated paths between 
gun and rocket have drawn nearer with the 
use of leaking guns, recoilless weapons, low 
pressure guns, and rocket-assisted guns 
(3.083, 3.166, 3.194, 3.218, 3.308, 3.387). In 
addition, the two fields are now closely re- 
lated by propellant combustion and the 
thermal properties of gases at high tempera- 


tures and pressures (3.022, 3.026, 3.038, 
3.039, 3.052, 3.057, 3.061, 3.078, 3.121, 
3.172, 3.185, 3.188, 3.213, 3.327, 3.355, 
3.440). Indeed, the fields of liquid and solid 
propellants have drawn nearer with the newer 
hybrid systems (3.018, 3.054). 

Various laws and mechanisms for propellant 
combustion have been suggested (3.047, 
3.081, 3.092, 3.101, 3.122, 3.145, 3.155, 
3.196, 3.247, 3.248, 3.315, 3.360, 3.351, 
3.352, 3.364, 3.367). However, there are 
vet unsolved problems (3.140). 

4 Explosivesand 
Pyrotechnics 

Because of the nature of many solid propel- 
lants and propellant materials, a brief section 
on explosives and pyrotechnics has been 
added. Handling explosive materials (4.003, 


4.004, 4.012, 4.022, 4.030, 4.032, 4.034, 
4.058) is certainly to be recognized. Certain 


phenomena in explosions (properties of gases’ 


ete.) are also of value in the propellant field 
(4.008, 4.029, 4.031, 4.057). Also, the 
general field of pyrotechnics is the forerunner 
of both the propellant and explosives field. 
Pyrotechnics are now used mainly in igniters 
and other components (4.004, 4.010, 4.024 
4.038, 4.047, 4.050, 4.060). 


5 General 


The description of solid propellants in 
general rocket works (5.002, 5.036, 5.041, 
5.042, 5.060, 5.062, 5.078, 5.081, 5.092, 
5.107, 5.113, 5.114, 5.117, 5.119, 5.120) has 
been supplemented by a general book devoted 
solely to solid propellant rockets (5.132). 

New solid propellant programs by various 
newcomers to the field have beeome more 
diverse (5.001, 5.006, 5.008, 5.010, 5.017, 
5.024, 5.025, 5.088, 5.122). Recently, inert 
components of solid rocket motors have been 
described (5.033, 5.039, 5.048, 5.050, 5.065, 
5.104, 5.124). New construction materials, 
such as plastics (5.030, 5.044) and ceramics 
(5.029, 5.054), have been employed. 


6 Hazards and Safety 

The hazards of propellant materials have 
been established: black powder (6.003, 
6.054), homogeneous propellants (6.008, 
6.037, 6.046, 6.050, 6.065, 6.071, 6.072), and 
other oxidants (6.001, 6.006, 6.015, 6.022, 
6.033, 6.034). Sensitivity tests are also 
available (6.002, 6.042). Safety precautions 
and facilities practices have been established 
(6.005, 6.010, 6.012, 6.017, 6.024, 6.031, 6.039. 
6.047, 6.059, 6.068). 


7 History 


Though much of the beginnings of solid 
propellants are as yet unknown, the early 
history has been well documented (7.007, 
7.016, 7.017, 7.018, 7.023, 7.024, 7.025, 
7.056). The intermediate stages of develop- 
ment have also been recorded (7.012, 7.015, 
7.034, 7.038). Activities of the nineteenth 
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and twentieth centuries are also well covered. 


several bibliographies (7.003, 7.022, 7.029, 
7.030, 7.050, 7.052, 7.061), and a general 
review of the last twenty-five years of de- 
velopment is also available (7.055). 


8 Ignition 


Literature has started to appear on the 
ignition of solid propellants (8.006, 8.007, 
8.018) and has resulted in several ignition 
theories (8.002, 8.015, 8.026). In addition, 
solid state ignition reactions have been 
studied (8.016, 8.022, 8.024) along with 
ignition by hot gases (8.004, 8.008). 


9 Patents 


In contrast to liquid propellants, most of 
the specifications for solid propellant composi- 
tions are to be found in a wealth of patent 
literature. By and far, the largest number 
are for smokeless powders. With the excep- 
tion of gunpowders, there are only a few 


patents on composite propellants (9.026, 
9.148, 9.187). It is interesting to note 
the artifices used in patent titles. For ex- 


amples, the term solid rocket propellant is 
used sparingly (9.002, 9.036, 9.356) while 
such terms as propellant powder (9.(05), 
propellant explosive (9.024), colloidal prepara- 
tion (9.027), rocket powder (9.034), propul- 
sive cartridge (9.040), readily combustible 
plastic (9.048), propellant charge (9.054), 
propellant fuel cartridge (9.062), and self- 
combustible charge (9.157) are used. The 
term self-accelerating projectile (9.112) has 
been used in place of the more simple word, 
rocket. 

The use of solid propellants as gas genera- 
tors has been the source of many patents: 
such novel uses as a starter for crude-oil 
engines (9.212), cartridge-operated valves 
(9.257), solid propellant helicopter (9.214) 
and a whole line of gas-producing com- 
positions (9.302-9.309). 


10 Physical and 
Analytical Chemistry 


Most physical topics are concerned with the 
stability of propellants and propellant mate- 
rials. The effect of stabilizers for homogene- 
ous propellants has received considerable 
attention (10.001, 10.014, 10.016, 10.037, 
10.063, 10.168). The use of pH as a param- 
eter in the stability of double-base pro- 
pellants has been studied (10.007, 10.114, 
10.159). With homogeneous propellants 
such effects as ultraviolet radiation (10.022, 
10.024), ozone (10.017), x-rays (10.140), 
molds (10.142), heat and humidity (10.147, 
10.194) have been investigated. The phys- 


ical and chemical stability of oxidants 
(10.027, 10.029, 10.088, 10.090, 10.093, 


10.095, 10.107) has been studied and applied 
as parameters for composite propellant 
stability. In addition, such effects as catalysts 
(10.172) have received attention. With 
many composite oxidants, humidity control 
has been vital for producing satisfactory 
propellants (10.231). 

Analytical techniques have been evolved 
to determine the various stabilizers (10.045, 
10.109, 10.117, 10.136, 10.149) and solvents 
(10.060, 10.072) used in propellants. Evolved 
gas (10.021, 10.155) and nitrogen (10.097) 
have been used as parameters for the stability 
study of propellants. Newer analytical 
techniques are: chromatographic (10.006, 
10.174), infrared (10.050, 10.184, 10.187), 
and polarographic (10.179). 


Aueust 1957 


Items of historical interest are covered in 


11 Productionand 


Processes 


Previously much of the processing of solid 
propellants was covered by patents or simply 
kept in the trade secret domain. Recently, 
however, literature has appeared on double- 
base propellants (11.014, 11.020, 11.038, 
11.040, 11.046, 11.047, 11.048) and com- 
posites (11.057, 11.058). 


12 Propellants 


A new era in solid propellants began with 
the transition from gunpowder to nitrocel- 
lulose (12.008, 12.024, 12.025, 12.097) and 


double-base propellants (12.005, 12.006, 
12.065). There then followed a renewed 
interest in composites (12.089, 12.116, 
12.125, 12.134, 12.135). There has been 
realization of the advantages of tailor-made 
propellants (12.147, 12.151). Also, the 


hybrid propellant systems (12.008, 12.095, 
12.103) and the solid-fuel ramjet (12.122) 
appear attractive. 

Data on modern propellants (12.009, 
12.010) are sparse but there are some data 
on recent propellants of other nations 
(France: 12.113; Germany: 12.001, 12.015, 
12.029, 12.041; Japan: 12.136, 12.139). 


13. Propellant Materials 


Many oxidants (13.001, 13.005, 13.017, 
13,018, 13.019, 13.027), fuel-binders (13.004, 
13.013, 13.015, 13.033), and related materials 
have received recent attention as propellant 
materials. 


14 Testing 


The ancient methods of testing have now 
been supplanted by modern instrumental 
techniques. Grains have been examined by 
x-ray and x-ray diffraction (14.108, 14.022), 
ultrasonics (14.016), and other nonvisual 
(14.029) methods. Environmental _ tests 
(14.048) have become common. Electronic 
methods (14.014, 14.015, 14.062) are used in 
measuring thrust and pressure during static 
tests. Microwaves have been used to deter- 
mine flame temperatures (14.065), and high 
speed photography (14.001, 14.028, 14.077) 
has won a definite place in ballistics research. 
The general field of rocket test instrumenta- 
tion (14.090) has been presented in detail. 
Dynamic test techniques have also been 
documented (14.054, 14.080, 14.093). 


1 Applications 
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Abel, F. A., New Applications of 
vol. 24, 


1871, pp. 93, 138, 150. CZ1871. 
1.002. Aerojet Engineering Corp., Azusa, 


Calif., Operating Instructions for Model 
14AS-1000 (Mark 2, Mod. 3) JATO Rocket 
Motors, Report 440, March 10, 1950. 

1.003. American Aviation, Washington, D. 
C., America’s Missile Arsenal, pp. 18-19, 
Missile Progress Handbook, 1956. 

1.004. American Aviation, Washington, D. 
C., French Reveal Details of Guided Mis- 
siles, pp. 58-59, Missile Progress Hand- 
book, 1956. 

1.005. American Aviation, Washington, D. 
C., Missiles for Research, pp. 31-32, Mis- 
sile Progress Handbook, 1956. 

1.006. American Aviation, Washington, D. 
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Missile Progress Handbook, 1956. 

1.007. Anderton, D. A., Nike Missile Hits 
Ryan Firebee, Av. Week, vol. 64, May 28, 
1956, p. 30. 
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1.008. Anderton, D. A., Rockets Breathe 
New Life into Autogyro, Av. Week, vol. 
61, June 22, 1953, pp. 28-30. 

1.009. Ananoff, A. L’Astronautique, Li- 

brairie Artheme Fayard, Paris, 1950, pp. 


128-132. 

1.010. Anonymous, A New Antitank 
Weapon, Ord., vol. 40, Nov.—Dec. 1955, 
p. 414. 
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1.018. Anonymous, Cartridge Turbo-Start- 
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Powder, Brit. 621,685, Apr. 14, 1949. CA 
1954. 

9.154. Hickman, C. N., Propellant Having 
an Opacifier for Preventing Self-Ignition by 
Radiation, US 2,574,479, Nov. 13, 1951. 
CA 1952. 

9.155. Hickman, C. N., Blending Powder 
Grains, US 2,437,694, Mar. 16, 1948. CA 
1948. 

9.156. Héhne, H., Pegels, K., Riedel, M., 
Elimination of Water From an Aqueous 
Solution of Nitrocellulose by Means of 
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Centrifuge, DBP 823,119, Nov. 29, 1951. 

CZ 1953. 

9.157. Holm, J. M., Imperial Chemical 
Ind., Self-Combustible Charges for Gener- 
ating Gases under Pressure, Brit. 477,956, 
Jan. 6, 1938. CA 1938. 

9.158. Holm, J. M., Imperial Chemical 
Ind., Gas Producing Cartridges for Me- 
chanical Operations, Brit. 483,994, Apr. 
22, 1938. CA 1938. 

9.159. Holm, J. M., Combustion Cartridge 
for the Slow Generation of Gas Pressure, 
US 2,165,263, July 11, 1938. CA 1939. 

9.160. Holmes, H. H., Smokeless Powder 
with Stearate Glaze, US 2,385,135, Sept. 
18, 1945. CA 1946. 

9.161. Horst, A. G., Slow Burning Black 
Powder, Russ. 41,889, Feb. 28, 1935. CA 
1936. 

9.162. Hough, A., Smokeless Powder Pro- 
pellant, US 1,916,763, July 4, 1933. CA 
1933. 

9.163. Hutchinson, A. C., Solid Gas Produc- 
ing Mixture, Fr. 970,531, Jan. 5, 1951. 
CZ 1952. 

9.164. Hutchinson, A. C., Solid Gas Generat- 
ing Units, US 2,710,793, Jan. 14, 1955. 
CA 1955. 

9.165. Ingraham, W. T., Smokeless Powder, 
US 1,710,024, Apr. 23, 1929. CA 1929. 
9.166. Ingraham, W. T., Smokeless Powder, 
US 1,731, 378, Oct. 5, 1929. CA 1930. 
9.167. Imperial Chemical Ind. of Australia, 
Gas Producing Non-Detonating Charges, 
Australia 100,512, Mar. 25, 1937. CA 

1937. 

9.168. Imperial Chemical Industries, Solid 
Propellant, Denmark 73,162, Oct. 10, 
1947. CZ 1954. 

9.169. Imperial Chemical-Industries. Ni- 
tropolystyrol, Swiss 275,797, Sept. 1, 1951. 
CZ 1952. 

9.170 Imperial Chemical Industries, Ig- 
niter, Swiss 271,938, Feb. 16, 1951. CZ 
1952. 

9.171. Imperial Chemical Industries, Solid 
Propellant, N.P. 78,328, Mar. 27, 1951. 
CZ 1954. 

9.172. Imperial Chemical Industries, Igni- 
tion Cable, N.P. 78,417, Apr. 9, 1951. CZ 
1953. 

9.173. Imperial Chemical Industries, Elec- 
trical Igniter, Oe.P 177,103, Dec. 28, 1953. 
CZ 1954. 

9.174. Imperial Chemical Industries, Elec- 
trical Igniter, Oe.P 178, 577, May 25, 1954. 
CZ 1955. 

9.175. Ipartelepek, N., Nitrocellulose Pow- 
der, Hung. 118,216, June 15, 1938. CA 
1938. 

9.176. Jackson, H., Miles, F. D., Nitro- 
guanidine, Brit., 584,107, Jan. 27, 1947. 
CA 1947. 

9.177. Jackson, L. M., Progressive Burning 
Smokeless Powder, Brit. 570,037, June 
20, 1945. CA 1946. 

9.178. Johnson, J. R., Blomquist, A. T., 
Nitrate Esters in Powders, US 2,653,165, 
July 7, 1954. CZ 1955. 

9.179. Jones, E., Forlin, Zundschnur, F. P. 
990,030, Sept. 17, 1951. CZ 1953. 

9.180. Jones, G., Ignitable Composition for 
Matches, US 1,201,191, Oct. 10,1916. CA 
1916. 

9.181. Keck, C. H., Propellant Explosive 
Containing Nitrocellulose and Nitrated 
Castor Oil, US 1,651,459, Dec. 6, 1927. 
CA 1928. 

9.182. Keck, C. H., Nitrocellulose Propel- 
lant Explosive, US 1,784,189, Dee. 9, 
1930. CA 1931. 

9.183. Kenney, J. F., Ammunition Priming 
Mixture, US 2,689,788, Sept. 21, 1954. 

9.184. Kniazykowski, E. B., Partyka, C., 
Smokeless Powder, Fr. 643,857, Nov. 15, 
1927. CA 1929. 

9.185. Knutson-Hall, F. K., Repeatedly 
Ignitable Pyrotechnic, US 2,568,285, Sept. 

18, 1951. CA 1952. 


9.186. Lamarre, A., Improvement in Pyro- 
technic Signals, US 144,030, Oct. 28, 1873. 

9.187. Lamensdorf, M., Use of Ammonium 
Nitrate for Making Propellants and Ex- 
plosives, Ger. 45,106, 1889. CZ 1889. 


9.188. Leuschel, R. F., Process for Produc- 
tion of Propellant, Ger. 105,877, 23/11, 
1898. CZ 1900. 

9.189. Lewers, W. W., Menges, W. A., 
Pittman, E. C., Smokeless Powder Treat- 
ment, US 2,302,558, Nov. 17, 1942. CA 
1943. 

9.190. Liedbeck, A., Process for Making 
Nitrocellulose, Ger. 96,109. CZ 1898. 
9.191. Lindsley, M. F., Smokeless Powder, 

US 2,031,659, Feb. 25, 1936. 

9.192. Lindsley, M. F., Smokeless Powder, 
US 2,247,392, July 1, 1941. CA 1941. 
9.193. Linsten, D. C., Coating for Propel- 
lant Powders, US 2,432,578, Dec. 16, 

1947. CA 1948. 

9.194. Livingston, R., Hutchinson, A. C., 
Propellant Gas Producer Unit, Especially 
for Rocket Propulsion, Ger. 816,626, Oct 
11,1951. CA 1953. 

9.195. Longwell, P. A., Ayers, A. D., Sage, 
B. H., Propellants, US 2,495,216, Jan. 24, 
1950. CA 1950. 

9.196. Mackey, B. H., Smokeless Powder 
Charges, US 2,320,243, May 25, 1943. 
CA 1943. 

9.197. Mackey, B. H., Smokeless Powder, 
US 2,342,304, Feb. 22, 1944. CA 1944. 
9.198. Mackey, B. H., Milus, P. R., Smoke- 
less Powder, US 2,349,048, May 16, 1944. 

CA 1945. 

9.199. Maisner, H., Process for Gelling 
Liquid Nitroparaffins, US 2,690,964, 
Oct. 5, 1954. 

9.200. Mangram, S. J., Blissel, J. J., Mix- 
ture for Igniter, US 2,640,770, June 2, 
1953. CZ 1954. 

9.201. Marsh, H. N., Smokeless Powder, 
US 2,131,352, Sept. 27, 1938. CA 1938. 
9.202. Marsh, H. N., Smokeless Powder. 
US 2,131,383, Sept. 27, 1938. CA 1938. 
9.203. Mauis, G. H., Stieg, F. B., Nitrocel- 
lulose Smokeless Powders, US 1,498,053, 

June 17, 1924. CA 1924. 

9.204. Maxin, H. S., Propellant, Ger. 
37,430, June 23, 1885. CZ 1887. 

9.205. McGabie, F. H., Perforated Powder 
Grains, Ger. 95,792. CZ 1898. 

9.206. McIntyre, W. A., Black Powder, 
Can. 326,148, Sept. 20, 1932. CA 1932. 
9.207. McIntyre, W. A., Black Powder 
Having a Slow Combustion Rate, US 

1,882,853, Oct. 18, 1932. CA 1933. 

9.208. McNutt, J. D., Propellant Explo- 
sive, US 1,858,373, May 17, 1932. CA 
1932. 

9.209. Melick, J. M., Induction Firing 
Means for Rockets, US 2,690,124, Sept. 
28, 1954. 

9.210. Menke, H., Igniter, Ger. 876,823, 
May 18, 1953. CZ 1955. 

9.211. Mitchell, R. B., Removing Diphenyl- 
amine From Smokeless Powders, US 1,876,- 
726, Sept. 13, 1932. CA 1933. 

9.212. Médhrle, A., Starting Cartridge 
Suitable for Starting Crude-Oil Engines, 
US 1,877,936, Sept. 20, 1932. CA 1933. 

9.213. Muencke, Process for Preparation 
of Smokeless Propellant, Jil. Patenbl, 
vol. 2, 1878, p. 28. CZ 1878. 

9.214. Nagler, B., Jet Driven Helicopter 
Rotor System, US 2,738,021, 1956. 

9.215. Nathan, F. L., Rintoul, W., Baker, 
F., Propellant Nitrocellulose Explosive 
US 1,280,278, Oct. 1, 1918. CA 1918. 

9.216. Nathan, F. L., Rintoul, W., Gelati- 
nized Propellant Explesive, US 1,302,202, 
Apr. 29, 1919. CA 1919. 

9.217. Nathan, F. L., Rintoul, W., Baker, 
F., Gelatinized Propellant Explosive, US 
1,337,451, Apr. 20, 1920. CA 1920. 

9.218. Newton, C., Propellant Explosive, 
US 1,074,809, Oct. 7, 1913. CA 1913. 

9.219. Nitrochemie Industrieanlagen, Ap- 
pliance for the Production of Tubular Pow- 
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der, Ger. 712,548, Oct. 27, 1941. BSIR 
1947. 

9.220. Nitrochemie Industrieanlagen, Proc- 
ess for Production of Powder from Nitro- 
cellulose, Ger. 715,811, Jan. 7, 1942. BSIR 
1947. 

9.221. Nitrochemie Industrieanlagen, Ni- 
trocellulose Powder, Ger. 715,899, Dec. 4, 
1944. CA 1944. 

9.222. Nitrokemia Ipartelepek, R. T., Man- 
ufacture of Gunpowder without Solvents, 
Hung. 128,458, Aug. 17, 1942. CA 1948. 

9.223. Nitrokemia Ipartelepek, R. T., Gun- 
powders of High Combustion Velocities, 
Hung. 131,592, Apr. 15, 1943. CA 1948. 

9.224. A. Nobel & Co., Liquefying Ammo- 
nium Nitrate for the Manufacture of 
Molded Mixtures with High Ammonium 
Nitrate Content, Ger. 305,567, Jan. 31, 
1917. CA 1920. 

9.225. A. Nobel & Co., Gunpowder, Ger. 
499,402, June 19, 1929. CA 1930. 

9.226. A. Nobel & Co., Propelling Charge 
for Rockets, Ger. 710,489, Aug. 7, 1941. 
CA 1943. 

9.227. Nobel, Italian Dynamite Vo., Smoke- 
less Powder, Fr. 642,598, Oct. 19, 1927. 
CA 1929. 

9.228. Norsk Hydro Elektrish, Granulating 
Ammonium Nitrate, Dan. 22,896, Mar. 
11, 1918. CA 1918. 

9.229. Norton, S. G., Smokeless Powder, 
US 1,788,438, Jan. 13, 1931. CA 1931. 
9.230. Olin, J. M., O'Neill, A. S., Propel- 
lant Powder, US 1,627,859, May 10, 1927. 

CA 1927. 

9.231. O'Neill, A. S., Smokeless Powder, 
US 1,311,909, Aug. 5, 1919. CA 1919. 
9.232. O'Neill, A. S., Nitrocellulose Pow- 
der, US 1,311,910. Aug. 5, 1919. CA 

1919. 

9.233. O'Neill, A. S., Propellant Explo- 
sives, Can. 198,561, Mar. 23, 1920. CA 
1920. 

9.234. O'Neill, A. S., Propellant Explosives, 
Can. 198,562, Mar. 23, 1920. CA 1920. 
9.235. O'Neill, A. S., Evans, R. R., Pro- 
pellant Explosive, US 1,464,012, Aug. 7, 

1923. CA 1923. 

9.236. O'Neill, A. S., Propellant Powder, 
US 1,608,808, Nov. 20, 1926. CA 1927. 
9.237. O'Neill, A. S., Propellant Explosive, 
US 1,709,868, Apr. 23, 1929. CA 1929. 
9.238. Olsen, F., Propellant Explosive 
Powders, US 2,028,990, Jan. 28, 1936. CA 

1936. 

9.239. Olsen, F., Tibbitts, G. C., Kerone, 
E. B. W., Smokeless Powder, US 2,027,114, 
Jan. 7, 1936. CA 1936. 

9.240. Olsen, F., Tibbitts, G. C., Kerone, 
E. B. W., Smokeless Powder, US 2,206,916, 
July 9, 1940. CA 1940. 

9.241. Olsen, F., Smokeless Powder, US 
2,235,298, Mar. 18, 1941. CA 1941. 

9.242. Olsen, F., Tibbitts, G. C., Kerone, 
E. B. W., Smokeless Powder, US 2,213,255, 
Sept. 3, 1940. CA 1941. 

9.243. Olsen, F., Smokeless Propellant 
Powder, Brit. 544,709, Apr. 24, 1942. 
CA 1942. 

9.244. Olsen, F., Smokeless Powder, US 
2,292,469, Aug. 11, 1943. CA 1943. 

9.245. Olsen, F., Drying of Smokeless Pow- 
der, US 2,349,300, May 23, 1944. CA 
1945. 

9.246. Patrick, W. A., Stabilizing Nitrated 
Organic Compounds, US 1,596,622, Aug. 
17, 1926. CA 1926. 

9.247. Pauling, H., Progressive Burning 
Powder, Ger. 730,342, Dec. 10, 1942. 
CA 1944. 

9.248. Pearsall, D. E., Slow Burning Pow- 
der Composition, US 2,416,639, Feb. 25, 
1947. CA 1947. 

9.249. Phillips, W. A., Apparatus for Dry- 
ing Smokeless Powder, US 1,232,839, 
July 10,1917. CA 1917. 

9.250. Phillips, W. A., Drying Smokeless 
Powder, US 1,237,551, Aug. 21, 1917. 
CA 1917, 


9.251. Pickett, O. A., Igniter Powder, 
US 2,008,366, July 16, 1935. CA 1935. 
9.252. Piersin, W. C., Ignition Composi- 
tion, US 1,138,146, May 4, 1915. CA 

1915. 

9.253. Pike, B. D., Explosive and Process of 
Making Same, US 751,751, Feb. 9, 1904. 
9.254. Piper, W. E., Extrusion of Smoke- 
less Powder, US 2,655,694, Oct. 20, 

1953. CA 1954. 

9.255. Pittman, E. C., Hunter, G. E., 
Removing Coloring Substances from 
Smokeless Powder, US 1,577,075, Mar. 16, 
1926. CA 1926. 

9.256. Pitzler, H., Squib and Ignition Ma- 
terial, Ger. 863,318, Jan. 15, 1953. CZ 
1953. 

9.257. Pratt, C. D., Atlas Powder Co., Car- 
tridges Suitable for Actuators, Switch 
Closing, Motor Starters, ete., US 2,289,- 
317-18, July 7, 1942. CA 1943 

9.258. Preckel, R. F., Large-grain Smoke- 
less Powder, US 2,549,005, Apr. 17, 1951. 
CA 1951. 

9.259. Pring, J. N., Propellant Explosives, 
Fr. 970,978, Jan. 11, 1951. CA 1952. 

9.260. Pring, J. N., Propellant Composi- 
tion, US 2,557,463, June 19, 1951. CA 
1951. 

9.261. Rechel, E. R., Stevenson, T., Pro- 
pellant Charge, US 2,206,048, July 2, 
1940. CA 1940. 

9.262. Rechel, E. R., Stevenson, T., Pro- 
pellant Charge for Cartridges, US Pat. 
Appl. 579,481, Off. Gaz., vol. 628, 1949, 
p. 251. CA 1950. 

9.263. Regestein, W. P., Nitrocellulose 
Propellant Explosives, US 1,540,424, June 
2, 1925. CA 1925. 

9.264. Regestein, W. P., Nitrocellulose 
Propellant Powder, US 2,261,130, Nov. 
4, 1940. CA 1942. 

9.265. Regestein, W. P., Smokeless Pow- 
der, US 2,230,848, Feb. 4, 1941. CA 
1941. 

9.266. Reichardt, E. E., Baldridge, B. C., 
Smokeless Powder, US 2,543,535 Feb. 27, 
1951. CA 1951. 

9.267. Rinkenbach, W. H., Allison, V. C., 
Black Powder, US 2,415,848, Feb. 18, 
1947. CA 1947. 

9.268. Rosenthal, H., Solvent Recovery 
from Smokeless Powder, US 2,349,562. 
May 23, 1944. CA 1945. 

9.269. Résler, W., Smokeless Powder, Ger. 
691,679, May 9, 1940. CA1941. 

9.270. Sadtler, S. S., Nitrostarch, US 
1,211,361, Jan. 9, 1917. CA 1917. 

9.271. Sage, Lacey, Propellant Powder 
Grain for Rockets, US 2,628,561, Feb. 17, 
1953. 

9.272. Schermuly, A. J., Schermuly, C., 
Ignition for Signal Rockets, Ger. 815,615, 
Oct. 4, 1951. CA 1953. 

9.273. Schneider-Windmuller, W., Elec- 
trical Squib, Ger. 904,390, Feb. 18, 1954. 
CZ 1955. 

9.274. Schultze, E., Propellant from Py- 
roxylin, Ger. 38,363, Apr., 1886. CZ 
1887. 

9.275. Shadid, M., Ignition Composition, 
US 1,153,525, Sept. 14, 1915. CA 1915. 

9.276, Silberrad, O., Propellant Explosive, 
US 1,349,983, Aug. 17, 1920. CA 1920. 

9.277. Silk, C. E., Propellant Smokeless 
Powder, US 2,335,804, Nov. 30, 1943. 
CA 1944. 

9.278. Silk, C. E., Propellant Powders, 
US 2,337,943, Dec. 28, 1943. CA 1944. 
9.279. Silk, C. E., Extruded (Smokeless) 
Powder, US 2,381,468, Aug. 7, 1945. CA 

1945. 

9.280. Silk, C. E., Dintelman, G. C., Pro- 
pellant Powder, US 2,417,090, Mar. 11, 
1947, CA 1947. 

9.281. Sillitto, G. P., Heurt, J. B., Initiator 
Cartridge, US 2,700,336, Jan. 25, 1955. 
9.282. Skilling, J. M., Nitrocellulose Pow- 
der Containing Nitroguanidine, US 1,454,- 

414, May 8, 1923. CA 1923. 


9.283. Skilling, J. M., Teeple, O. J., 
Smokeless Powder, US 1,924,464, Aug. 
29, 1933. CA 1933. 

9.284. Slickland, O. W., Whitworth, E., 
Propellant, US 1,923,849, Aug. 29, 1933. 
CA 1933. 

9.285. Soc. des Artifices Titan, Improve- 
ment in Igniter, Fr. 1,000,774, Feb. 15, 
1952. CZ 1954. 

9.286. Soc. Francaise des Munitions, Ig- 
niter Charge, Fr. 984,457, July 6, 1951. 
CZ 1952. 

9.287. Sohlman, R., Progressive Smokeless 
Powder, Swed. 69,120, Mar. 26, 1930. CA 
1932. 

9.288. Spaeth, C. P., Williams, C. P., 
Igniter Mixture, Can. 480,465, Jan. 22, 
1952. CZ 1954. 

9.289. Spaeth, C. P., Williams, C. P., 
Ignition Composition, US 2,607,672, Aug. 
19, 1952. CA 1953. 

9.290. Speicher, J. K., Nitrocellulose from 
Smokeless Powder, US 1,653,519, Dec. 20, 
1927. CA 1928. 

9.291. Spica, G., Smokeless Safety Powder 
with Low Combustion Temperature, Ger. 
291,578, Dec. 2, 1914. CA1917. 

9.292. Spica, G., Smokeless Powder, US 
1,194,561, Aug. 15, 1915. CA 1916. 

9.293. Spurlin, H. M., Smokeless Powder, 
US 1,966,806, July 17, 1934. CA 1934. 

9.294. Spurlin, H. M., Pfeiffer, G. H., 
Smokeless Powder, US 2,187,866, Jan 23, 
1940. CA 1940. 

9.295. Staier, H., Match Head Composi- 
tion, US 1,144,077, Jan. 22, 1915. CA 
1915. 

9.296. Staier, H., Composition for Match 
Heads, US 1,144,076, Jan. 22, 1915. CA 
1915. 

9.297. Stuart, J., Apparatus for the Produc- 
tion of Increments of Perforated Smoke- 
less Powder from Thin Flexible Strips, 
US 2,236,697, Aug. 10, 1943, CA 1944. 

9.298. Swoboda, A., Ignition Compound, 
Ger. 229,187, May 11, 1906. CA 1912. 

9.299. Tarasov, S. I., Gunpowder, Russ. 
26,600, Aug. 20, 1931. CA 1932. 

9.300. Tattensall, H. J., Gelatinized Nitro- 
cellulose Compositions, US 2,188,322, 
Jan. 30, 1940. CA 1940. 

9.301. Taylor, E., Smokeless Powder, US 
1,590,598, June 29, 1926. CA 1926. 

9.302. Taylor, J., Gas-Generating Blasting 
Device, US 2,038,772, Apr. 28, 1936. CA 
1936. 

9.303. Taylor, J., Charge for Blasting De- 
vices Operated by Gas Pressure, US 2,154,- 
221, Apr. 11, 1939. CA 1939. 

9.304. Taylor, J., Whetstone, J., Gas 
Generating Compositions, US 2,434,872, 
Jan. 20,1948. CA 1949. 

9.305. Taylor, J.. Wark, R., Gas Escape 
Reaction-Propelled Devices, Brit. 570,210, 
June 27, 1945. .CA 1946. 

9.306. Taylor, J., Hutchinson, A. C., Fagel- 
ston, I., Gas Producing Solid Propellant, 
Swiss 268,854, Sept. 16, 1950. CZ 1952. 

9.307. Taylor, J., Hutchinson, A. C., Gas 
Producing Non-Detonating Composition, 
US 2,604,391, July 22, 1952. CA 1953. 

9.308. Taylor, J., Hutchinson, A. C., Gas 
Producing Non-Detonating Compositions, 
US 2,653,086, Sept. 22, 1953. CA 1954. 

9.309. Taylor, J., Hutchinson, A. C., 
Fagelston, I., Gas Producing Solid Propel- 
lant, Brit. 904,996, Feb. 25, 1954. CZ 
1954. 

9.310. Teeple, O. J., Propellant Explosive, 
US 1,310,848, July 22, 1919. CA 1919. 

9.311. Teeple, O. J., Propellant Powder, 
US 1,924,465, Aug. 29, 1933. CA 1933. 

9.312. Thomas, C. A., Propellant Composi- 
tions for Projectiles of the Reaction-Im- 
pulse Type, Brit. 579,057, July 22, 1946. 
CA 1947. 

9.313. Thomas, C. A., Eck, J. R., Solid 
Rocket Propellant, US 2,646,596, July 28, 
1953. CA 1953. 

9.314. Thomson, T., Double-Base Flash- 
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less Propellant Powders, Brit. 578,372, 
June 26, 1946. CA 1947. 

9.315. Thomson, T., Surface Coated Pro- 
pellant Explosive Powders, US 2,407,967, 
Sept. 17, 1946. CA 1947. 

9.316. Troxler, B., Smokeless Powder, 
US 1,661,278, Mar. 6, 1928. CA 1928. 
9.317. Troxler, B., Smokeless Powder, US 

2,112,256, Mar. 29, 1938. CA 1938. 

9.318. Troxler, B., Smokeless Powder, US 
2,152,509, Mar. 28, 1939. CA 1939. 

9.319.  Troxler, B., Smokeless Powder 
Grains, Brit. 537,408, June 20, 1941. CA 
1942. 

9.320. Troxler, B., Apparatus for Drying 

and Screening Smokeless Powder with 

Solvent Recovery at the Time of Manufac- 


ture, US 2,316,195, Apr. 13, 1943. CA 
1943. 
9.321. Troxler, B., Propellant Powder, US 


2,370,209, Feb. 27, 1945. CA 1945. 

9.322. Troxler, B., Apparatus for the Man- 
ufacture of Smokeless Powder, US 2,370,- 
271, Feb. 27, 1945. CA 1945. 

9.323. Troxler, B., Smokeless Powder, Brit. 
568,721, Apr. 18, 1945. CA 1947. 

9.324. Tyre, A. T., Flameless, Gas-Produc- 
ing Charges, US 2, 470,082, May 10, 1949. 
CA 1949. 

9.325. Tyre, A. T., Gas Producing Powder, 
Can. 477,860, Oct. 16, 1951. CZ 1954. 
9.326. Viekey, J. C., Davis, M. H., Drying 
Smokeless Powders, US 1,579,262, Apr. 

6, 1925. CA 1926. 

9.327. Vollau, E. H., Linhart, J. M. R., 
Treatment of Nitrocellulose Smokeless 
Powder, Can. 308,109, Jan 27, 1931. CA 
1931. 

9.328. Voswinkel, A., Preparation of Gelat- 
inized Nitrocellulose, Patenbl. 15, 333, 
Ger. 74,070, Apr. 30, 1893. CZ 1894. 

9.329. Wagner, W. E., Double Base Ex- 
plosive Powders, US 1,890,241, Dec. 6, 
1932. CA 1933. 

9.330. Wagner, W. E., Propellant Explosive 
Powder, US 1,906,675, May 2, 1933. CA 
1933. 

9.331. Wark, R., Packaging Gas-Pressure- 
Generator Cartridges, Brit. 517,837, Feb. 
9,1940. CA 1941. 

9.332. Weingand, R., Schulz, H. L., 
Smokeless Powder, US 1,890,960, Dec. 13, 
1932. CA 1933. 

9.333. Weldin, L. C., Smokeless Powder, 
US 2,201,640, May 21, 1940. CA 1940. 
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prime contractor for the important and 
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a greater variety of interesting and 
challenging job opportunities in the 
guided missile field. 
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statements, why not fill out the coupon 
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booklet ‘Your Future in Guided Mis- 
siles”. It not only gives a detailed story 
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presents interesting facts about living 
conditions in the area, the many special 
employee benefits, and the wide range 
of specific job opportunities we have to 
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Send for your copy of “Your Future 
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Stresses in Aircraft and Shell Structures, 
by Paul Kuhn, McGraw-Hill Book Co., 
New York, 1956, xx + 435 pp. $14. 

Reviewed by Senc-Lip LEE 
Northwestern University 


This book is a well correlated compila- 
tion of some of the research work in the 
field of aircraft and stiffened-shell struc- 
tures performed in the NACA Structures 
Research Division. 

The content is divided into two parts. 
The methods of analysis given in Part 1 
are evaluated in the light of experimental 
evidence presented in Part 2. It is as- 
sumed that the reader has a working 
knowledge of statically indeterminate 
structures and ordinary differential equa- 
tions. 

Chapter 1 discusses the complexity of 
aircraft structures and the idealization of 
such structures by simplifying assump- 
tions in order to render an analysis at all 
possible. The number and nature of these 
assumptions determine the accuracy and 
the complexity of the analysis. The te- 
dious labor involved in the solution of an 
idealized structure containing a large 
number of structural elements can further 
be reduced by the use of a simplified or 
substitute structure in which certain 
common structural elements are replaced, 
for the purpose of analysis, by a single 
element. This results in further loss of 
details of the stress distribution but a sim- 
pler solution is obtained yielding reason- 
able approximations valuable for prelimi- 
nary design purposes. 

“Elementary theories’? dealing with 
the shear flow and flexural stresses in 
thin-walled sections, with and without 
stringers, are given in Chapter 2. Both 
statically determinate and indeterminate 
sections as well as their shear centers are 
discussed. The corrections for taper ef- 
fects in beams of varying section and sim- 
ple cases of conical shells are also consid- 
ered. 

The “‘elementary theories’’ are 
on the Navier-Bernoulli assumption that 
plane sections remain plane in bending, or 
the Bredt theory of the thin-walled tor- 
sion tube and certain restrictive assump- 
tions. They may become significantly 
inaccurate in cases such as the bending of 
thin wings under transverse loading, 
whereby the presence of shear strains 
causes plane sections to warp out of their 
planes. In most shell structures, this 
warping tendency is restrained due to vari- 
ation of the cross sections or the load along 
the span. The restraints change the stress 
distribution and the stiffnesses of the shell 
in bending and torsion, causing significant 
deviations from the ‘elementary theo- 
ries.”’ These deviations are analyzed in 
subsequent chapters. 

A beam with thin shear web and trans- 
verse stiffness does not fail when the web 
buckles between the stiffeners; it merely 


based 


forms diagonal folds which function as 
tension diagonals with the stiffeners acting 
as compression struts and the flanges 


Ali Bulent Cambel, Northwestern University, Associate Editor 


acting as chord members. For very thin 
web, buckling takes place at a small frac- 
tion of the ultimate load and the state of 
stress approaches the limiting case of pure 
diagonal tension demonstrated theoreti- 
cally by Wagner. In present-day aircraft 
practice, most practical web systems re- 
main, even near failure, in a state of stress 
intermediate between the state of pure 
diagonal tension and the state of stress 
which exists before the web buckles. 

This state of stress, termed incomplete 
diagonal tension, is treated in Chapter 3 
where both plane and curved web sys- 
tems are discussed. Empirical formulas 
and charts for estimating the strength of 
web, uprights and rivets are given and de- 
sign procedure recommended. The struc- 
tural efficiencies of several plane web sys- 
tems are compared in diagrams useful as 
an aid for choosing the most efficient de- 
sign. The interaction between torsion 
and axial compression in curved web sys- 
tems is also investigated. 

Consider a panel consisting of longitu- 
dinal edge flanges and intermediate string- 
ers connected by sheet bays stiffened by 
transverse ribs. Under the action of 
longitudinal loads applied at the flanges, 
the stresses in the flanges and the string- 
ers would be equal if the shear stiffness 
of the panel were infinite. The shear 
stiffness of the sheet, however, is finite. 
Under the action of the shear force which 
transmits a portion of the loads from the 
flanges to the stringers, the sheet deforms 
resulting in nonuniform strains, hence 
stresses, in the stringers. This phenome- 
non is commonly termed shear-lag ef- 
fect.- 

Chapter 4 presents the analytical solu- 
tions of single-stringer panels of constant 
cross seetion with infinite as well as finite 
transverse stiffnesses. Numerical meth- 
ods for treating panels with variable 
cross section are derived by the principle 
of consistent deformations in the form of 
recurrence formula in which the correc- 
tion couples at the stations between bays, 
representing the shear-lag effect, are the 
redundant quantities. These solutions 
are employed in the analysis of box beams 
with single-stringer covers. Simplified 
analysis of multistringer panels by means 
of substitute single-stringer method is dis- 
cussed and the procedure is extended to 
the analysis of fuselage and wing sections. 

Chapter 5 investigates the interaction 
between torsion and bending moment in a 
two-spar wing structure which consists of 
two cantilever spars with cannecting ribs. 
The covering skin is assumed to be ineffec- 
tive, applicable in cases where the wings 
are covered with canvas or light plywood 
or where the metal covers are rendered 
structurally ineffective by large cutouts. 
Two-spar structure with a single rib at the 
tip is first treated and the influence of tor- 
sional and bending stiffnesses of the rib 
analyzed. Cases with multiple ribs are 
solved by means of the Karman-Friedrichs 
equations, a set of simultaneous linear 
equations in which the unknowns are the 


relief moments acting on the spars by the 
action of the ribs. The solution is ex- 
tended to sweepback and nonparallel spars. 

The torsion bending of four-flange shells 
under torsion is treated in Chapter 6. 
Doubly symmetrical rectangular section 
with finite bulkhead spacing is analyzed 
by means of a recurrence formula similar 
to that used in Chapter 4. The shell is 
divided into bays between the bulkheads 
and the deformation of each bay, first as- 
sumed to be free from warping restraint, 
is evaluated. To preserve continuity be- 
tween adjacent bays, bicouples of indeter- 
minate magnitudes representing the warp- 
ing restraints between bays are applied at 
the faces of the cuts and the deformation in 
2ach bay thus produced determined. 
Yquating the warps of the inboard and 
outboard ends of two consecutive bays 
meeting at each bulkhead leads to a set of 
simultaneous linear equations from which 
the magnitudes of the bicouples are cal- 
culated. 

Shells with infinitesimal bulkhead spac- 
ing are also considered and the extension 
of the above-mentioned procedure to non- 
symmetrical and curved-walled sections 
as well as shells tapered in width and 
depth is demonstrated. The application 
of the torsion bending theory to the analy- 
sis of sesquispar wing is briefly discussed. 

The procedure just discussed is utilized 
in the analysis of multistringer shells un- 
der torsion taken up in Chapter 7. Three 
methods based on different simplifying as- 
sumptions concerning the distribution of 
constraint stresses over the cross section 
are presented. The wall-bending theory, 
applicable to rectangular section, assumes 
that the flexural stress distribution in the 
covers and the webs follows the linear law. 
The torsion-warping theory assumes 
that the longitudinal constraining stresses 
acting on a cross section are proportional 
to the warping that would exist if the tube 
were free of constraint. The linear-warp- 
ing theory also assumes that these stresses 
are proportional to the warping displace- 
ment and that a plane section warps into 
a hyperbolic paraboloid surface. Numer- 
ical examples are given to illustrate the 
application of the procedure. 

The method used in dealing with shear- 
lag problems is extended in Chapter 8 to 
analyze some fundamental cases of cutout 
problems in plane panels. Doubly sym- 
metrical panels with rectangular cutouts 
are solved by means of the substitute 
stringer method; axial, shear and moment 
loadings are considered. In the three- 
stringer method, the coaming stringer 
which forms the longitudinal edge of the 
cutout is retained in the analysis. The 
stringers between the coaming stringer 
and edge flange, including the flange, are 
replaced by a substitute stringer while the 
stringers between the coaming stringer 
and the longitudinal center line are re- 
placed by another. 

Further simplification is attained in the 
two-stringer method by combining the 
former substitute stringer and coaming 
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stringer into a single substitute coam- 
ing stringer. The net section at the cut- 
out is analyzed with the aid of empirical 
formula. Analysis of box beams with cut- 
outs under moment and torque loads by 
means of the above procedure and the re- 
sults of the last two chapters is discussed 
with particular reference to the modifica- 
tion of the flexibility coefficients in the 
recurrence formula to take the presence 
of cutouts into account. 

Chapter 9 presents methods for esti- 
mating the stresses around rectangular 
cut outs in circular cylinders. Empirica! 
methods are employed to analyze the net 
section and, for the gross section, adapta- 
tions of the semiempirical methods of th: 
previous chapter are used. Both four- 
longeron cylinders and cylinders with 
out longerons are discussed. 

It can hardly be overemphasized that no 
method of analysis of a complex structure 
can possibly be exact. Many of. the 
methods presented in this book are em- 
pirical or semiempirical in nature, whil 
the others are based upon simplifying as- 
sumptions. Experimental evidence of 
their accuracy is presented in Part 2 where 
extensive comparisons between calculated 
and experimental results are given in the 
forms of graphs and tables. The range 
within which the methods may be applied 
with the expectation of reasonable accu- 
racy may well be defined by the range of 
the tests. 

This book should be valuable to practic- 
ing engineers in the field of aircraft struc- 
tures as well as graduate students inter- 
ested in this field. 


Gaseous Nebulae, by L. H. Aller, Vol. 3 of 
the International Astrophysics Series, 
John Wiley & Sons, New York, 1956, 
322 pp. $11. 


S. F. Sincer 
University of Maryland 


This is the third volume in a series of 
which two have already appeared, ‘“The 
Aurora” by L. Harang and “Comets and 
Meteor Streams” by J. G. Porter. It is 
likely that the present volume will not be 
of such wide interest as were the first two 
books which deal more closely with the 
phenomena of our own atmosphere. The 
present volume is addressed to a rather 
specialized audience and one needs 2 
background in astronomy and astrophysics, 
especially spectroscopy, in order to ab- 
sorb very much of the text. 

The information is presented in well 
organized and attractive fashion. The 
author, who has also written some success- 
ful text books on astrophysics, writes here 
about a field in which he himself has done 
a great deal of research. Nebulae are 
diffuse telescopic objects which cannot be 
resolved into stars. They include both 
clouds of particles and gas, and even whole 
stellar systems. But the author deals 
with clouds of particles and gas in our own 
galaxy, i.e., galactic nébulae of which the 
Orion nebula is probably the best known. 
Aller describes briefly methods of optical 
observation, both telescopic and photo- 
electric. Radiotelescopic observations arc 
not yet well enough developed to give in- 
formation on galactic nebulae. The 
author then describes the distances, di- 
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mensions and spectra of the gaseous neb- 
the ulae, as well as the physical processes 
within the nebulae which give rise to the 


% A. W. HAYDON COMPANY luminosities and to the details of the 


spectra. He discusses forbidden line:, i.e., 


offers a COMPLETE LINE of Sr spectra lines which are normally not ob- 


served in laboratory experiments because 


STANDARD and CUSTOM DESIGNED there the pressures are too high. The 


e nebulae, as might be guessed, derive all 
TIMING MOTORS DEVICES! their energy from stars which are placed 
and ® near or within them. The character of 
these stars is discussed in a_ separate 
chapter. Next the author takes up the 
structure and interval motions and finally, 
in more detail, the characteristics of diffuse 
galactic nebulae, which are really only 
denser regions of the interstellar medium. 
Here magneto-hydrodynamics becomes of 
some importance and the author reviews 
briefly the work on galactic magnetic 
fields, on turbulence in interstellar space 
and on its relation to the production of 
cosmic rays and of radio noise. 
The book is a must in the library of 
every serious student of astrophysics. 


¢ for military and industrial applications. Illus- 
trated are some of these units . . . any can be 
: modified to meet your specific requirements if the | 

basic design is not adequate. 


Problems of Vision in Flight at High 
Altitude, by Thomas C. D. Whiteside, 
Butterworths Scientific Publications, 
London, England, 1957, 162 pp. $5. 

Reviewed by WiuuiaM F. AsHE 
Ohio State University 


Thomas Whiteside has made a study of 
vision at 40,000 ft at a 90 deg angle to the 
sun through plexiglass canopy of jet fighter 
planes. The subjective problems are 
haze, glare, inability to see instruments 
well in cockpit and sudden recognition of 
an object in the sky which should have 
been seen sooner. The work was carefully 
done, is precisely described and limitations 
of instrumentation probably do not negate 
most of the conclusions drawn. 

Difficulties in seeing instruments are 
due largely to the fact that most of the 
light comes from reflection from the cloud 
bank below and casts a darker shadow on 
instruments. It is the reverse of the 


— terrestrial situation. Reversed light dis- 

Aig tribution is also largely responsible for 
_ id the glare problem. Failure to see objects 
~~ outside the plane is due to the fact 
tye that in an empty visual field the eye can- 
Play not remain accommodated for infinity, 
but becomes quite myopic and focuses 

ine aa well short of infinity. He attributes the 


persistent haze seen to be due at least in 
part to slight anoxia; this effect is demon- 


Shown below is the new 
catalog of The A. W. Haydon 
Company describing all of  » Long a pioneer in the timing field, The 


the A. W. Haydon Company is prepared to assist considerable period of 
‘specials’. Included in this exposure when the partial pressure of 0 
pte pg oy yt . you in solving your timing and control oxygen available is lowered only very u 
mensional drawings, and 50 problems. When a solution to your problem | slightly (equivalent cabin altitudes as low 1 
charts and diagrams. This has been reached, The A. W. Haydon Company as 4000 ft). He did not prove the phe- ce 
wae. - . is prepared to follow through with production nomenon would disappear if cabin altitude h 
geared to meet your requirements and PO: were maintained at sea level. 

° whether a basic timing unit or a highly Older pilots will do a better visual job A 

. specialized device is required. looking out of plane than younger sub- ‘ 

jects and about equally well for cockpit . 


visual tasks providing their near vision 
is properly corrected. Dr. Whiteside’s 
book substantiates the grpwing conviction 
that the day of ‘‘see and be seen’’ in flight 
is past. Traffic control and electronic 


A W-HAYDON object finding outside the plane are a 
must. 


Human factors research teams and in- 
“F248 NORTH ELM STREET, WATERBURY 20, CONNECTICUT cttament panel design and test. engineers 


2 i Design and Manufacture of Electro-Mechanical Timing Devices need to read this book. 
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Dr. Dorothy M. Simon, Technical Assistant to the President 
of Aveo Research and Advanced Development Division, ad- 
dresses ¢ a ee of the Advisory Group for Aeronautical 
t (NATO) in C | 


In 


The Science Center for Avco’s Research and Advanced ick 
opment Division, as seen in the architects’ scale model, is now 
under construction in Wilmington, Massachusetts, a suburb 

15 miles northwest of Boston’s cultural hub. Scheduled for 
completion in early 1958, this ultramodern laboratory will 
house the scientific and technical staffs of the division. 


Avco’s new research division is now offering unusual and 
exciting career opportunities for exceptionally qualified — 
and forward-looking scientists and engineers in such 
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20 South Union Street, Lawrence, Massachusetts. 


fields as: 
Science: 
Aerodynamics - Electronics - Mathematics - Metallurgy We 
Physical Chemistry - Physics - Thermodynamics a =! 


Write to Dr. R. W. Johnston, Scientific and Technical Relations, 7 a 
Avco Research and Advanced Development Division, ~~ 


THE NEED TO KNOW 


Man has long been motivated by the need to know—to know 
what lies beyond the oceans, the mountains and the sky; to know 
what elements make up the earth’s crust and what forces control 
the universe. Many questions have been answered, but as our 
knowledge increases and the boundaries of our space expand, new 
questions are asked. 


In the AVCO laboratories, exploratory work is under way in 
many fields of physics, physical chemistry, metallurgy, and 
gineering. Basic research and development are continuing in fie 
where we have already made contributions: high-speed aero 
namics, ICBM re-entry problems, physics and chemistry of ; 
heat transfer, electronic applications to advanced radar 2 
computing, and high-temperature materials. 


New ideas for future work are being discussed by the creat 
scientists and engineers who are members of this division. 7 
scope of these new problems is so broad that the joint efforts 
those from many disciplines are required for their solution. 1 
future promises to be challenging. 


A new research and development center, designed to give a 
proper physical environment and to provide the facilities anc 
equipment needed, is under construction. The center is locatec 
near large universities to make available educational opportunit 
and wide professional contacts. 


In the short period of our existence as a research and development 
division, much has been accomplished—problems have beer 
solved and we have learned to work together. Now we are begin- 
ning to broaden the scope of our work and to add our contribu- 
tions to the technical world, thereby strengthening the positio1 


of America and helping to satisfy man’s need to know. 


Dr. Dorothy M. Simon 
Peck Technical Assistant to the President . 
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ARE BORN 

IN THE MINE 
OF MAN 


... if is the responsibil 
of the engineer to develo 
these thoughts for practi 
-cal, profitable use. 


All ideas are but a result of who 
has gone before and man’s abili 
to adapt his vast store of acqui 
fact to reason. His mind, whe 
used efficiently, is the most prolifi 
of all computers — if can think 
b and store sate 


“machine. This deep reservoir o 
“conscious and unconscious know! 


individual is a scarcely tappe 3 
source of a whole torrent of ideas. 


_As these new ideas unfold, it wil 
be the responsibility of th 
engineer and scientist to apply hi 
practical experience and train 
easoning to these new concep 
. to develop them for the mo: 
ractical and beneficial use. 


That i is just what we are doing at 


the Burroughs Research Center. 
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citing discoveries in the field 
lectronic computing, why not loc 
into the Burroughs story today? 
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Principles of Turbomachinery, by D. G. 
Shepherd, The Macmillan Company, 
New York, 1956, 463 pp. $10. 

Reviewed by Rosert B. Banks 
Northwestern University 


For some time there has been a definite 
need for a new textbook on the subject 
of turbomachinery. During the past dec- 
ade there have been several texts on this 
subject; however, for the most part these 
books have been concerned with one or 
another specific aspects of the broad sub- 
ject of turbomachinery. A new text on 


* the subject might well be one which com- 


bines the pertinent fundamentals of fluid 
mechanics and thermodynamics with the 
considerable amount of design and _ per- 
formance knowledge which has now been 
acquired. The book which D. G. Shep- 
herd has written appears to be such a 
needed text. 

The author has divided his book into 
two general categories. The first half is 
related to fundamentals, the latter half 
to the specific features of the various types 
of turbomachinery. Following an_ in- 
troductory first chapter, the author deals 
at considerable length with the subject 
of dimensional analysis. Such early em- 
phasis on this subject is judicious as it is 
bound to create in the student’s mind the 
considerable role which such analysis plays 
in the dimensionless representation of 
machinery performance. Subsequently, 
the topic of energy transfer between a fluid 
and a rotor is developed. Such presenta- 
tion is made by equating torque to change 
in angular momentum, which leads 
directly to the Euler equation. The latter 
is then applied to various basic types 
of turbomachinery for determination 
of energy developed or extracted by the 
machine. 

The next two chapters are devoted to 
thermodynamics and to fluid flow. Need- 
less to say, treatment of these subjects is 
necessarily brief and is restricted to the 
features of these subjects related to turbo- 
machines. 

The second portion of the book deals 
with the general types of machines. A 
logical category of types has been selected: 
Radial-flow pumps, radial-flow turbines, 
axial-flow pumps and axial-flow turbines. 
The first chapter of this latter portion 
is concerned with centrifugal pumps and 
compressors, and includes topics on the 
fundamentals of design of the inlet section, 
the impeller channel and the discharge 
‘asing of the basic radial-flow pump and 
compressor. In addition, there is a brief 
treatment on series and parallel operation. 
Following this, a chapter is devoted to 
radial-flow turbines, and includes dis- 
cussions on the Ljungstrom, Francis and 
Banki types. The subject of axial-flow 
turbines is considered next; it incorporates 
the more important design fundamentals 
of gas and steam turbines as well as the 
propeller, Kaplan and Pelton wheel types. 
Finally, a chapter deals with axial-flow 
compressors and pumps. , This is devoted 
to a discussion of the various methods of 
analysis and design of the axial-flow 
machine, including the isolated flat plate 
method, the lift-and-drag method and the 
direct cascade design method. Effects of 
Reynolds and Mach numbers are pre- 
sented and the phenomena of stalling and 
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Among the many significant projects currently being advanced at Reeves for the 
_ United States Air Force are the following: 


© REAC® Electronic Analog Computers for the largest and most advanced installation 
of its kind at Wright Air Development Center. 


® REAC® Electronic Analog Computer installations at White Sands Proving Grounds, 
Rome Air Development Center, Edwards, Eglin and Holloman Air Force Bases. 


® Reeves MSQ Close Support Control Mobile Radar Systems. 
© Reeves Range Instrumentation Radar installations at Patrick AFMTC. 


© Reeves Military Radar equipment in a wide range of special types for USAF 
installations throughout the world. 


© Reeves special computer systems for gunfire control and many other applications. 


precision electronic components for USAF suppliers, Reeves’ research and engineering plays 


a continuing role in the advancement of vital projects for the other Services. == 
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surging are considered. Two additional 
chapters are included, one on the per- 
formance of turbines, the other on the 
performance of compressors and pumps. 
These chapters present comparisons of 
types of turbomachines and include con- 
siderable information on efficiencies and 
other performance characteristics. 

The author has included problems at 
the end of the four chapters devoted to the 
fundamentals. In addition, at the con- 
clusion of each chapter, he has presented a 
very comprehensive bibliography. Per- 
haps it would have been desirable to have 
included a chapter on fluid couplings and 
torque converters to round out his specific 
aim for a text on “‘dynamic’’ machinery. 
The book will be easily understood by one 
who has a knowledge of elementary fluid 
mechanics and thermodynamics. It would 
be appropriate for a senior or first-year 
graduate course in turbomachinery; the 
graduate engineer seeking to study the 
subject will be able to follow it without 
difficulty. The author has presented a 
comprehensive well-organized and out- 
standing book on the subject of turbo- 
machinery. 


Jets, Wakes and Cavities, by G. Birkhoff 
and E. H. Zarantonello, Academic 
Press, New York, 1957, 354 + xii pp. 
$10. 

Reviewed by Sutn-I Par 
University of Maryland 


One of the most interesting classes of the 
fluid flow problem is that of the free bound- 
ary problem which includes the problems 
of jets, wakes and cavities. Like other 
fluid flow problems, it is not possible to 
discuss this flow problem in a most general 
manner. One has to make proper as- 
sumptions to simplify the problem so that 
a special class may be analyzed at one time 
One such assumption is that the flow may 
be considered as inviscid and incompres- 
sible so that Euler’s differential equations 
may be applied. Such a special class of 
free boundary flow problems has been 
extensively investigated by many mathe- 
maticians since the first analysis by 
Helmholtz in 1868. Fruitful results have 
been obtained. Engineers are also inter- 
ested in this problem because it offers ex- 
planations of some phenomena in the cavi- 
ties produced by an obstacle in the liquid 
or liquid jets in air. The major portion 
of the book has been devoted to these 
potential flow problems of Helmholtz and 
their generalizations. It has been well 
written and may be considered as the first 
complete and systematic treatment of 
such problems. 

There are many other interesting fluid 
flow problems of free boundary flow, such 
as the jet mixing problems, base pressure 
problem and atomization of jet. The 
authors discuss very briefly these problems 
from the mathematicians point of view. 
The material of the other free boundary 
flow problems discussed in the book is 
rather insufficient from the engineering 
point of view. For instafce, a single small 
section is given about base pressure prob- 
lem which should be considered as one of 
the most important wake problems from 
the engineering point of view. Little 
emphasis has been given to the boundary 
layer approximation. For turbulent flow, 
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only semi-empirical theory has been dis- 
cussed, and then briefly, and little has 
been said about the fields of turbulent 
fluctuations. The interesting problem of 
free boundary flow of inhomogenous fluid 
which is important in combustion problem 
has not been mentioned. 

The main contents of the chapters are: 
Background and prospectus, circular sec- 
tor hodographs, simple flows past wedge, 
general theory, multiple plates, curved 
obstacles, existence and uniqueness, com- 
pressibility and gravity, effective computa- 
tions, axially symmetric flows, unsteady 
potential flows, steady viscous wakes and 
jets, periodic wakes, turbulent wakes and 
jets, miscellaneous experimental facts. 

The book may be considered as an ex- 
cellent review of potential flow problems 
with free boundary. In addition, some 
brief discussions of other free boundary 
flow problems from the mathematical 
point of view are given and these should 
be of value to students of fluid dynamics. 


Guided Missiles in War and Peace, by 
Nels A. Parson Jr., Harvard University 
Press, Cambridge, Mass., 1956, 165 pp. 
$3.50. 

Reviewed by Vincent J. CusHING 
Illinois Institute of Technology 


The book reviewed here is for the lay- 
man, and it is doubtful whether it would 
present new concepts or information to the 
guided missile engineer and _ scientist. 
However, it meets very well its avowed 
purpose of educating and orienting the 
layman and perhaps of serving as a source 
book of terminology. 

Maj. Parson begins by undertaking a 
description of the principle of action and 
reaction as well as pertinent facets of 
aerodynamics. He then discusses thermal 
reaction engines from pulsejet through 
bipropellant rockets. 

The author has also provided a suitable 
and interesting history of reaction engines 
extending from the Sinic first appearance 
of rockets through the current thinking 
in regard to proposals for interplanetary 
vehicles. 

Schemes of guidance and control are 
discussed. Classical ballistic weapons are 
described and it is indicated how the ad- 
vent of modern tactical conditions has 
pointed out basic limitations in such 
weapons. It is made evident that there 
exists a need for some sort of control of 
a missile after it has been launched, and 
discussions and descriptions are made of 
various classifications of guidance systems 
and their elements (e.g., passive seeker, 
command guidance, etc.). 

Military applications are indicated and 
discussed for almost all categories of 
guided weapons: Surface-surface, surface- 
air, air-surface, air-air, underwater, etc 

The author concludes with a discussion 
of hopeful commercial and peacetime uses 
for guided missiles, and applications of the 
attendantly evolved technical disciplines 
that have been prompted by the past and 
current need for guided missiles. 

The reviewer feels that in a qualitative 
book such as this there might well have 
been included a discussion of current prob- 
lems and expected obstacles in future 
developments. Obvious considerations 
would be cost, complexity and reliability. 
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Batteries in “suspended animation” 


brought to life in one second a 
by DuPont S-81 Squibs | 


Using Du Pont S-81 Squibs, under- 
water missile propulsion batteries 
are built for prolonged inactive 
storage by the Exide Industrial 
Division of the Electric Storage 
Battery Company. 


y 


‘The electrolyte and plates are 
held in separate chambers until 
the battery is needed. The instan- 
taneous squibs are then fired, and 


within one second the battery de- 
livers full power to the driving 
motor. 

Exide states that only the ex- 
treme reliability and uniformity of 
the Du Pont Squib make this ap- 
plication possible. Batteries can 
now be held “at the ready” as long 
as necessary and put into use at a 
moment’s notice. 

This application illustrates one 
of the unusual problems being 
solved by Du Pont Explosive Spe- 
cialties such as electric detonators; 
high temperature aircraft blind ex- 
pansion rivets; MS delay connec- 
tors and a wide variety of squibs. 

For more information write to 
E. I. du Pont de Nemours & Co. 
(Inc.) , Explosives Dept., Wilming- 
ton 98, Delaware. 


DUPONT EXPLOSIVE SPECIALTIES 


Products of DuPont Research Pt 


BETTER THINGS FOR BETTER LIVING . 
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we, Book Notices 


Gas Dynamics, by Klaus Ocwatitech, 
translated by G. Kuerti, Academic Press, 
1956, 610 pp. $12. This is a transla- 
tion from the German of Klaus Os- 
watitsch’s well-known text, “Gas Dy- 
namics.”’ Not only does this version rep- 
resent the fine qualities of the original 
book but the various refinements reflect 
the competence of Gustav Kuerti who 
translated it. Excellently suited as a 
reference book or for instruction on the 
graduate level. 


Modern Mathematics for the Engineer, 
Edwin F. Beckenbach, Editor, McGraw- 
Hill, 1956, 514 pp. $7.50. This book is 
an outcome of invited lectures at the 
University of California (Los Angeles). 
The topics covered and their respective 
authors are: 

Linear and Nonlinear Oscillations, ‘by 
Solomon Lefschetz. 

Equilibrium Analysis: The Stability 
Theory of Poincare and Liapunov, by 
Richard Bellman. 

Exterior Ballistics, by John W. Green. 

Elements of the Calculus of Variations, by 
Magnus R. Hestenes. 

Hyperbolic Partial Differential Equations 
and Applications, by Richard Courant. 

Boundary-value Problems in _ Elliptic 
Partial Differential Equations, by Men- 
ahem M. Schiffer. 

The Elastostatic Boundary-Value Prob- 
lems, by Ivan S. Sokolnikoff. 

The Theory of Prediction, by Norbert 
Wiener. 

The Theory of Games, by H. Frederic 
Bohnenblust. 

Applied Mathematics in Operations Re- 
search, by Gilbert W. King. 

The Theory of Dynamic Programming, 
by Richard Bellman. 

Monte Carlo Methods, by George W. 
Brown. 

Matrices in Engineering, by Louis A. 
Pipers. 

Functional Transformations for Engineer- 
ing Design, by John L. Barnes. 

Conformal Mapping Methods, by Edwin 
F. Beckenbach. 

Nonlinear Methods, by Charles B. Morrey 
Jr. 

What Are Relaxation Methods? by George 
E. Forsythe. 

Methods of Steep Descent, by Charles B 
Tompkins. 

High-speed Computing Devices and Their 
Applications, by Derrick H. Lehmer. 


Engineering as a Career, by Ralph J. 
Smith, McGraw-Hill, New York, 1956, 
365 pp. $4.75. The primary objective 
of this book is to acquaint beginning 
students with the opportunities and re- 
sponsibilities of an engineering career. 
It outlines the qualifications and duties 
of engineers and describes the type of work 
which is involved in the various branches 
of engineering. Previews of the funda- 
mentals of mechanics, thermodynamics, 
electrodynamics and engineering eco- 
nomics are included. High school and 
college student advisers will find this 
book very useful for guidance work 
among pre-engineering students. 
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CURTISS-WRIGHT 


powerplants and missiles - 
set new performance standards 


fortomorrow 


A Curtiss-Wright Rocket Engine recently powered 
an aircraft higher and faster than man has ever © 
flown before. A Curtiss-Wright supersonic Ram | 
Jet Engine was the first controlled supersonic ram © 
jet to be successfully flown — and advanced ver- | y 
sions are now being developed for piloted aircraft — 
and guided missiles. A Curtiss-Wright hypersonic _ 
test vehicle — the HTV Rocket — recently reached — 
supersonic speed in a fraction of a second... de- 
veloped several times the speed of sound in just 
two seconds. 


These developments—all capable of several times 
the speed of sound — are the advanced guard in 
America’s defense, and in America’s research 
toward the high speed, high altitude air travel of 
tomorrow. They are dynamic evidence of Curtiss- 
Wright’s leadership in the aviation industry — set- 
ting the pace for aviation’s progress in every cate- 
gory of air power. 


CURTISS-WRIGHT 


CORPORATION * WOOD-RIDGE, N. J. 


RAM JET 


Divisions and Wholly Owned Subsidiaries of Curtiss-Wright Corporation: — 
Wricnt Arronauticat Division, Wood-Ridge, N. J. Prorerter Division, Caldwell, N. J. Prastics Division, Quehanna, Pa. * Exectronics Division, Carlstadt, N. J. 
Merats Processinc Division, Buffalo, N. ¥. © Sprectarties Division, Wood-Ridge, N. J. © Utica-Benp Corporation, Utica, Mich. * Exvort Division, New York, N. ¥. 
Waicut Division, Caldwell, N. J. Atnornysics Devecopment Corporation, Santa Barbara, Calif. Researcu Division, Clifton, N. J. & Quehanna, Pa. 
INpuSTRIAL AND ScientiFic Propucts Division, Caldwell, N. J. © Curtiss-Wricut Europa, N. V., Amsterdam, The Netherlands * Tursomotor Division, Princeton, N. J. 
Manovetre Meta Propucts Division, Cleveland, Ohio Curtiss-Waicut or Canava Ltp., Montreal, Canada * Proputsion Researcn Corporation, Santa Monica, Calif. 
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EYWELL 


ISICORDER® 


the 


ta 


= 
at frequencies from DC to 2,000 cps 


= versatile Visicorder will fit almost unlimited oscillograph applications where instantaneous monitoring and 
direct recording at high frequencies are needed. 


The Visicorder is the only oscillograph that records directly at frequencies up to 2,000 cps, and at sensitivities 
comparable to photographic-type oscillographs. No peaked amplifiers or other compensation of any kind are needed. 
The record requires no liquids, vapors, powder magazines or other processing materials. 


Deflection is six inches peak to peak, covering the full width of the 
chart. The D’Arsonval-movement mirror galvanometers, in your choice 
of natural frequencies will, of course, overlap their traces; they are 
not limited by adjacent channels. 


Let your nearest Honeywell Industrial Sales Engineer tell you more 
about how the Visicorder fits your application. Call him today. 


Honevwe 
oneywe 
HEILAND INSTRUMENTS 
5200 EAST EVANS AVENUE +- DENVER 22, COLORADO * 
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Variety—you can choose from a wide range of finishes for magnesium 


Smart, modern furniture is just one example of how finishes 
for magnesium are widening design horizons. Whether for 
appearance, protection, or a combination of both, the right 
finish is available. Magnesium can be painted, chemically 
treated, electroplated, and coated with plastic or rubber. 


To meet the rigorous standards set by the aircraft industry, 
there are air dried and baked paint finishes with excellent 
adhesion, maximum imperviousness and good wear resist- 
ance. Various types of chemical pickling provide the right 


YOU CAN DEPEND ON 


1957 


paint base. Anodizing provides exceptional corrosion, heat 
and abrasion resistance. In addition, any metal which can be 
applied by electroplating may be deposited on magnesium. 


What about your products? If you're not making use of mag- 
nesium lightness, strength and durability—and the variety of 
finishes for magnesium—there’s no better time to start than 
right now. Contact your nearest Dow sales office or write 
to us for more information. THE DOW CHEMICAL COMPANY, 
Midland, Michigan, Department MA 1405F. 
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last minute data on | 


for applications 
4 60°F -10,000° F 


on Tre- 
varno impregnated glass 
fabrics for high tempera- 
ture, high strength, missile 
and aircraft applications. 
Trevarne Silicone and 
Phenolic materials have 
been tested and proved 
to give optimum heat 
resistance and strength 
performance, and excep- 
tional electrical and _ 
mechanical properties as 
well. Also available is 
data on new Trevarno 
chopped F-120 Phenolic 
material for molded 
parts for performance 
at 4,000°F. 


Trevarno 


UO Meu 4104 Mou puas 


GLASS FABRICS 


COAST MANUFACTURING AND SUPPLY COMPANY 


P. O. Box 71, Livermore, California 


Please send me data on materials for the 
temperature ranges | have checked below: 
... 
160°F to 750°F 
800°F t0 1I500°F 
1500°F to 5 to 10,000°F [] 

New chopped Phenolic . ([] 


City. State. 
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Jet and Rocket Propulsion 
Engines 


Rocket Energy Properties 
and Optim Trajectories (Brussels, 
Free U ean. Institute of Aeronautics), 
Reprint from Revue Générale des Sciences 
Appliquées, vol. 3, no. 2, 1956, pp. 1-32 
(in French); Energy Properties of Jet 
Propulsion, by Paul Glansdorff and André 
Jaumotte, pp. 1-12, Optimum Trajectories 
of Rockets, by B. Fraeijs de Veubeke, pp. 
13-26. 

General Study of Axial Flow Turbojet 
Engines, Rand Corp., Aircraft Div., Rand 
Corp. Rep. RM-277, Sept. 1949, 5 PP 3 

. (Declassified from Confidential by 
authority of ASTIA TAB U-122, p. 34, 
3/27/57.) 

J-47 Turbojet Engine, by R. E. Ledbet- 
ter, SAE J., vol. 65, Apr. 1957, p. 38. 

Small Lightweight Turbojets, by Reece 
V. Hensley and Norman C. Witbeck, SAE 
J., vol. 65, Apr. 1957, pp. 51-53. 

Investigation of Semivaneless Turbine 
Stator Designed to Produce Axially Sym- 
metrical Free-Vortex Flow, by Harold E. 
Rohlik and William T. Wintucky, NACA 
TN 3980, Apr. 1957, 39 pp. 

The Aerodynamic Performance of Axial 
Compressor Cascades with Application to 
Machine Design, by George L. Mellor 
Jr., Mass. Inst. Tech., Gas Turbine Lab., 
Rep. 38, Feb. 1957, 140 pp. 

Investigation of a Full-Scale Cascade- 
Type Thrust Reverser, by Robert C. Kohl 
and Joseph S. Algranti, NACA TN 3975, 
Apr. 1957, 53 pp. 

Actuator Disc Theories Applied to the 
Design of Axial Compressors, by A. D. 
Carmichael and J. H. Horlock, Gt. Brit. 
Aeran. Res. Council, Curr. Pap. 315 (form- 
erly ARC TR 18334), 1957, 18 pp. 

Bomber Capabilities; Turboprop and 
Turbojet Power Plants, by R. B. Murrow, 
R. 8. Schairer and C. V. Sturdevant, Rand 
Corp., R-143, Aug. 1950, 132 pp. (De- 
classified from Secret by authority of 
ASTIA TAB U-116, p. 48, 1/7/57.) 

Investigation of Distribution of Losses in 
a Conservatively Designed Turbine, by 
Rose L. Whitney, Jack A. Heller and Ca- 
vour H. Hauser, NACA RM E53A16, 
March 1953, 26 pp. (Declassified from 
Confidential by authority of NACA Res. 
Abstracts 112, p. 17, 3/12/57.) 

Experimental Investigation of a Con- 
servatively Designed Turbine at Four 
Rotor-Blade Solidities, by Jack A. Heller, 
Rose L. Whitney and Richard H. Cavicchi 
NACA RM E52C17, July 1952, 25 pp. 
(Declassified from Confidential by author- 
ity of NACA Res. Abstracis 112, p. 16, 
3/12/57.) 

Free Flight Performance of 16 Inch 
Diameter Supersonic Ram Jet Units, IV. 
Performance of Ram Jet Units Designed 
for Combustion Chamber Inlet Mach 
Number of 0.21 at Free Stream Mach 
Number of 1.6 over a Range of Flight Con- 
ditions, by Leonard Rabb and Warren J. 
North, NACA RM E50L18, Feb. 1951, 


Ep1Tor’s Note: Contributions from E. R. 
G Eckert, J. P. Hartnett, T. F. Irvine Jr. and 
P. J. Schneider of the Heat Transfer Labora- 
tory, University of Minnesota, are gratefully 
acknowledged. 


M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
The James Forrestal Research Center, Princeton University 


46 pp. (Declassified from Confidential 
by authority of NACA Res. Abstracts 
112, p. 16, 3/12/57.) 

Free Flight Performance of 16 Inch 
Diameter Supersonic Ram Jet Units, III. 
Four Units Designed for Combustion 
Chamber Inlet Mach Number of 0.245 at 
Free Stream Mach Number of 1.8 (Units 
D-1, D-2, D-3, and D-4), by John H. 
Disher and Leonard Rabinowitz, NACA 
RM E50D07, June 1950, 41 pp. (De- 
classified from Confidential by authority 
of NACA Res. Abstracts 112, p. 16, 3/12/ 


57.) 

Free Flight Performance of 16 Inch Diam- 
eter Supersonic Ram Jet Units, II. Five 
Units Designed for Combustion Chamber 
Inlet Mach Number of 0.16 at Free Stream 
Mach Number of 1.60 (Units B-1, B-2, 
B-3, B-4, and B-5), by Wesley E. Messing 
and Scott H. Simpkinson, NACA RM 
E50B14, May 1950, 44 pp. (Declassified 
from Confidential by pk: ah y of NACA 
Res. Abstracts 112, p. 16, 3/12/57.) 

Effect of Flight Speed on Dynamics of a 
Turboprop Engine, ie 8. Nakanishi, R. T. 
Craig and D. B. Wile, NACA RM E55A05, 
April 1955, 40 pp. (Declassified from 
Confidential by authority of NACA Res. 
Abstracts 112, p. 13, 3/12/57.) 

Altitude Wind Tunnel Investigation of 
J47 Turbojet Engine Performance, by 
E. William Conrad and Adam E. Sobolew- 
ski, NACA RM E9GO9, Nov. 1949, 
44 pp. (Declassified from Confidential 
by authority of NACA Res. Abstracts 
113, p. 11, 4/2/57.) 

Turbine Performance Characteristics of a 
Python Turbine Propeller Engine Inves- 
tigation in Altitude Wind Tunnel, by John 
M. Farley and William R. Prince, NACA 
RM E50J12, May 1951, 48 pp. (De- 
classified from Confidential by authority 
of NACA Res. Abstracts 113, p. 11, 4/2/ 
57.) 

Compressor Performance Characteristics 
of a on Turbine Propeller Engine 
Investigated in Altitude Wind Tunnel, by 
Emmert T. Jansen and John E. McAulay, 
NACA RM E50K24, May 1951, 43 pp. 
(Declassified from Confidential by author- 
ity of NACA Res. Abstracts 113, p. 11, 
4/2/57.) 

Altitude Operation of Gas Turbine Eng- 
ine with Variable Area Fuel Nozzle System, 
by H. Gold and S. Rosenzweig, NACA 
RM E51A04, April 1951, 41 pp. (De- 
classified from Confidential by authority 
of NACA Res. Abstracts 113, p. 11, 4/2/ 
57.) 

Dynamic Response at Altitude of a 
Turbojet Engine with Variable Area Ex- 
haust Nozzle, by Gene J. Delio and Solo- 
mon Rosenzweig, NACA RM E51K19, 
Feb. 1952, 55 pp. (Declassified from Con- 
fidential by authority of NACA Res. 
Abstracts 113, p. 12, 4/2/57.) 

Preliminary Results of Turbojet-Engine 
Altitude-Starting Investigation, by H. D. 
Wilsted and J. C. Armstrong, NACA RM 
E51H30, Nov. 1951, 25 p (Declassified 
from Confidential by authority of NACA 
Res. Abstracts 113, p. 12, 4/2/57.) 

Combustion Chamber Performance 
Characteristics of a Python Turbine-Pro- 
peller Engine Investigated in Altitude 
Wind Tunnel, by Carl E. Campbell 
NACA RM E51G25, Nov. 1951, 39 pp. 
(Declassified from Confidential by author- 


Jet PROPULSION 


% 
. 
Send the coupon below 
« 
4 
. 
4 
e 
& 
a 
a a 
- 
J 
is 


ADVANCED JET BOMBERS, like this Convair 
B-58 Hustler, require a powerful source of 
compressed air to start their high-thrust 
engines. Solar advanced technology has 
helped solve this aviation problem with 
mobile, portable gas turbine units that 
supply large volumes of compressed air 
as well as shaft power for electric and 
hydraulic adaptations. 

The new unit, powered by a Solar 500 hp 
Jupiter® engine, offers many advantages 
over conventional ground support units. It 
is portable and lightweight, easy to main- 


tain, starts instantly under severe temper- 
ature extremes and can be operated on a 
variety of fuels. 

In addition to aircraft ground sup- 
port, Solar gas turbines can be used for 
emergency and auxiliary power genera- 
tion, pumping and mechanical drive, boat 
propulsion and many other applications 
requiring a compact, efficient source of 
power. For more information write to 
Dept. D-62, Solar Aircraft Company, San 


Gas turbine ground support 
unit starts giant jets in seconds 


SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO DES MOINES 


ENGINEERS WANTED Unlimited oppor- 
tunities, challenging projects, good living 
with Solar! Write for new brochure. 


New “Solar Advanced Technology” facilities brochure is of value to you... Write for it. 


DESIGNERS, DEVELOPERS AND MANUFACTURERS ¢ GAS TURBINES * AIRCRAFT AND MISSILE COMPONENTS © BELLOWS * CONTROLS ¢ COATINGS * METAL ALLOY PRODUCTS 
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RECORDATA magnetic recording system 
gives an accurate, permanent record. 


Meh without changing belts 
second are also available. Auto. 
tension frombeginning to the end 
f the reel; regardless of size. 


uickly interchangeable: tape 
guides accoinmodate 44” 42” oF 

“ tapes. The plug-in magnetic 

ead are: extremely 


eliability are necessary in 
data.recording system 
ou can depend o 
ECORDATA . ... manu- 

factured by American 

ertone Hi-Fi 

recorders 

famous as quality 

leaders. Write. to 

Dept for 

con mpiete’ techni- 

cal 


ity of NACA Res. Abstracts 113, p. 11, 
4/2/57.) 

Method of Characteristics for an Axially 
Symmetric Body Moving with Slight Yaw, 
and Application to the Corporal E Profile, 
by H. K. Forster, Calif. Te st. Tech., Jet 
Propulsion Lab.,. Progress Rep. 4-98, June 
1949, 23 pp. (Declassified from Confi- 
dential by authority of Calif. Inst. Tech., 
Jet Propulsion Lab., Pub. 38, p. 9, 1/3/55.) 

Water Tests of a Full Scale Spinning 
Model of the Bumper WAC Propellant 
Tank, by Gilbert L. Bell and Robert F. 
Rose, Calif. Inst. Tech., Jet Propulsion 
Lab., Progress Rep. 4-79, July 1949, 46 
pp. (Declassified from Confidential by 
authority of Calif. Inst. Tech., Jet Propul- 
sion Lab., Pub. 38, p. 8, 1/3/55.) 

Spin Rocket Development Tests for the 
Bumper WAC, by John I. Shafer, Calif. 
Inst. Tech., Jet Propulsion Lab., Progress 
Rep. 4-69, June 1949, 9 pp. (Declassified 
from Confidential by authority of Calif. 
Inst. Tech., Jet Propulsion Lab., Pub. 38, 
p. 8, 1/3/55.) 


Heat Transfer and Fluid 
Flow 


Relaxation Methods and Heat Trans- 
fer, by N. H. Langton, Indust. Chemist, 
vol. 32, Oct. 1956, pp. 414-420. 

Nonstationary Heat Conduction, by 
A. Leitner, Allgem. Warmetechnik, vol. 7, 

1956, pp. 112-121 (in German). 

The Measurement by Means of a Probe 
Radiometer of Radiant Heat Flux Distri- 
bution at Curved Surfaces, by G. S. 
Cantle and M. N. Aref El Din, J. Inst. 
Fuel, vol. 29, Aug. 1956, pp. 327-332. 

A Thermistor Temperature Recorder, 
by B. M. Zeffert and R. R. Witherspoon, 
Analyt. Chem., vol. 28, Nov. 1956, pp. 
1701-1705. 

A Note on the Effect of Heat Transfer on 
Peak Pressure Rise Associated with Sep- 
aration of Turbulent Boundary Layer on a 
Body of Revolution (NACA RM-10) at a 
Mach Number of 1.61, by K. R. Czarnecki 
and Archibald R. Sinclair, NACA TN 
3997, Apr. 1957, 13 pp. 

Superaerodynamics, Thermal Exchange 
of a Body Moving in Rarified Gas, by 
Marcel Devienne (Aerothermal Seminar of 
the Faculté des Sciences de Paris, Année 
1954-1955), France, Ministére de Il’ Air, 
Pub. Sci. Tech. Notes Tech. 63, 1957, pp. 
29-45 (in French). 

Turbulent Convective Heat-Transfer 
Coefficients Measured from Flight Tests 
of Four Research Models (NACA RM-10) 
at Mach Numbers from 1.0 to 3.6, by Leo 
T. Chauvin and Joseph P. Maioney, 
NACA RM L54L15, March 1955, 30 pp. 
(Declassified from Confidential by author- 
ity of NACA Res. Abstracts 114, p. 18, 
4/22/57.) 

Skin Temperatures and Heat Transfer 
over Wedge Wings at Extreme Speeds, by 
T. Nonweiler, Cranfield, College Aeron., 
Rep. 105, Aug. 1956, 30 pp., 8 figs. 

Some Considerations on Film Cooling of 
Rocket Motors, by M. J. Zucrow and A. R. 
Graham, Fusées et Recherche Aéronautique, 
vol. 1, no. 3, Dec. 1956, pp. 279-293. 

Some Effects of Transients in Inlet 
Pressure and of Turbojet 
Engines, by David S. Gabriel, Lewis E. 
Wallner and Robert J. Lubick, Inst. Aeron. 
Sci., Prepr. 709, Jan. 1957, 25 pp., 18 refs. 

An Aerodynamic Screen for Jet Engines, 
by Harold Klein, Douglas Aircraft Co., 
Rep. SM-22625, March 1957, 25 pp., 19 
figs. 
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. Have you heard about the wonderful Engineering opportunities at AMERICAN? — 


Ever since the beginning of the 
development of mechanical power, 
the heart of power producing 
machinery has been forgings. 

The latest development in the 
field of mechanical power is the 
aircraft turbo-jet engine. Here 
again, the important highly stressed 
components — the turbine wheels 
and the compressor discs — are 
forgings and here also more of 
these forgings are produced by 


— DEPENDABLE FORGINGS — 


Wyman-Gordon than by any other 
company. 

Entirely new problems, mechani- 
cal and metallurgical, are involved 
in the production of these vital parts 
— problems which require the max- 
imum in experience, know-how and 
research facilities. Wyman-Gordon 
excels in all of these areas and 
continues today as for nearly 75 
years in the forefront of new forg- 
ing developments. 


Seen through the porthole of this compressor disc is the finished 
forging — an example of the ultimate in quality and precision. 


WYMAN-GORDON COMPANY 

Established 1883 

FORGINGS OF ALUMINUM MAGNESIUM @ STEEL TITANIUM 
WORCESTER 1, MASSACHUSETTS 

ILLINOIS ® DETROIT, MICHIGAN 
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Full-Scale Investigation of Several Jet- 
Engine Noise-Reduction Nozzles, by 
MODEL 409 Willard D. Coles and Edmund E. Callag- 

: han, NACA T'N 3974, April 1957, 45 pp. 

Review of Experimental Investigations of 

Liquid-Metal Heat Transfer, by Bernard 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN RECORDING 


A Collection of Data for Zero-Lift 
Damping in Roll of Wing-Body Combina- 
tions as Determined with Rocket-Powered F 
Models Equipped with Roll-Torque Noz- 
zles, by David G. Stone, NACA TN 3955, 
Apr. 1957, 23 pp. (supersedes RM 
L53E26). 

A Limited Correlation of Atmospheric 
Sounding Data and Turbulence Exper- 
ienced by Rocket-Powered Models, by 
Homer P. Mason and William N. Gardner, 
NACA TN 3953, Apr. 1957, 51 pp. 

Flight Investigation to Determine Lift 
and Drag Characteristics of a Canard 
Ram-Jet Missile Configuration in the ¢ 
Mach Number Range of 0.8 to 2.0, by 
Abraham A. Gammal and Thomas L. 
Kennedy, NACA RM _ 1L54D28, June 
1954, 20 pp. (Declassified from Confi- 
dential by authority of NACA Res. Ab- 

Model 409 with stracts 114, p. 18, 4/22/57.) 
100 ft. Ca it i A Study of Motion and Aerodynamic 
py renpaaine Heating of Missiles Entering the Earth’s 
- »y H. Julian Allen and A. J. Eggers Jr., 
Model 409 with — NACA RM A53D28, Aug. 1953, 62 pp. 
50 ft. Capacity Magazine (Declassified from Confidential by author- 
ity of NACA Res. Abstracts 114, p. 15, 
4/22/57.) 

Experimental Investigation of the Aero- 
dynamic Characteristics of an Air-to-Air 
Missile Employing Cruciform Wings and 
Tail of Rectangular Plan Form at Mach 
Numbers of 1.4 and 1.9, by Merrill H. 
Mead, NACA RM A52K14, Feb. 1953, 
31 pp. (Declassified from Confidential 
by authority of NACA Res. Abstracts 114, 
p. 14, 4/22/57.) 

Observations of Unsteady Flow Phe- 
nomena for an Inclined Body Fitted with 
Stabilizing Fins, by Merrill H. Mead, 
NACA RM A51K05, Jan. 1952, 23 pp. 
(Declassified from Confidential by author- 
ity of NACA Res. Abstracts 114, p. 13, 
4/22/57.) 

Theoretical Investigation of the Stability 
at Negative Static Margins of a Supersonic 


The Century Model 409 Oscillograph was designed for operation under Missile with Gatantiet Geaiivs + 
the most adverse conditions and more especially, where space and Pitch Pitching Velocity, 
7. weight considerations are limited. Henry A. Cole Jr., and Marvin Abra- 
movitz, NACA RM _ A52A14, Marc 
This Oscillograph is one of the smallest and most compact units avail- 1952, 28 pp. (Declassified from Confi- 
able on the present market, yet it incorporates many features found dential by authority of NACA Res. Ab- 
vin larger oscillographs, such as trace identification, trace viewing, stracts 112, p. 12, 3/12/57.) ; 
continuously variable paper speeds and others. The Model 409 Oscil- 
lograph has been tested and proven to record faithfully during accele- fall ot Mach of 1.82, 
“aKe rations in excess of 20 g’s. This makes it especially desirable for uses by Richard Scherrer and David H. Dennis, 
= such as missile launching, parachute seat ejection, fighter aircraft and NACA RM A51A03, March 1951, 23 pp. 
torpedo studies. (Declassified from Confidential by author- 
Pe ity of NACA Res. Abstracts 112, p. 12, 
Write for Bulletin CGC-303 and CGC-301 3/12/57.) 


Effects of Altitude on Turbojet Engine 
Performance, by William A. Fleming, 
NACA RM E51J15, Dec. 1951, 56 pp. 
(Declassified from Confidential by author- 


Century Electronics & Instruments, Ine. ity, of * Res. Abstracts 113, p. 12, 
/2/57.) 


1333 No. Utica, Tulsa, Oklahoma ‘. Thrust Augmentation of a Turbojet 
Engine by the Introduction of Liquid Am- 
monia into the Compressor Inlet, by 

James L. Harp, Jr., James W. Useller and 
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SOLID PROPELLANT POWER PLANTS 
THIN OR HEAVY WALLED 
PRECISION MACHINED NOZZLES 
& MOTOR CASES ALSO 
LIQUID PROPELLANT MOTOR COMPONENTS 


MOCK UP OR COMPLETE 
MODELS 


A DIVERSIFIED, EXPERIENCED 
ORGANIZATION GEARED TO MOVE QUICKLY 
ON YOUR PRELIMINARY PRODUCTION 
PROBLEMS; ONE ABLE TO ABSORB YOUR 

INITIAL ENGINEERING CHANGES AND PUT 
IN ALL MATERIALS X4130 THEM INTO EFFECT WITHOUT DELAY. 
HEAT TREATED, STAINLESS, 


ALUMINUM ALLOY, INCONEL X ETC. A LETTER OR PHONE CALL WILL BRING 
OUR REPRESENTATIVE 


HIGH PRESSURE SPHERES EXPERIENCED 


ss EXCELCO DEVELOPMENTS INC. 
"SILVER CREEK, NEW YORK 
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a Panalarm Annunciator pinpoints 
process “off-normals"’ 


In the process industries and among users of automatic machinery, 
trouble is minimized when it’s caught early. That’s the purpose of the 
Panalarm Annunciator System—a continuous monitor of your process. 


One typical adaptation of the modular Panalarm system is engineered 
to differentiate between the first “off-normal” and subsequent “off-normals” 
caused by the first. This feature allows instantaneous recognition of the prime 
source of trouble in a “chain reaction.” 


Another adaptation is designed specifically for motor start-up and shut- 
down. It has also been successfully adapted for supervisory control, pump 
control and programming. 


Your Panalarm sales engineer will be happy to make a survey of your 
requirements to determine whether a Panalarm system can aid productivity 
and safety in your process. For electrical and mechanical data on standard 
systems, request Catalog 100B on your letterhead. 


Division of af. 


PANELLIT, INC. 


7423 N. Hamlin Avenue, Skokie, Illinois 
Panellit of Canada, Ltd., Toronto 14 


; Graphic Panels, Information Panellit Service 
Control Centers Systems Corporation 
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Carmon M. Auble, NACA RM E52F18, 
Aug. 1952, 29 pp. Declassified from Con- 
fidential by authority of NACA Res. Ab- 
stracts 113, p. 12, 4/2/57.) 

Thrust Augmentation of a Turbojet En- 
gine at Simulated Flight Conditions by 
Introduction of a Water-Alcohol Mixture 
into the Compressor, by James W. Usel- 
ler, Carmon M. Auble and Ray W. Harvey, 
Sr., NACA RM E52F20, Aug. 1952, 25 pp. 
(Declassified from Confidential by author- 
ity of NACA Res. Abstracts 113, p. 12, 
4/2/57.) 

Some Dynamic Characteristics of a 
Turbojet Engine for Large Accelerations, 
by Herbert Heppler, David Novik and 
Marcel Dandois, NACA RM _ E52H04, 
Aug 1952,20 pp. (Declassified from Con- 
fidential by authority of NACA Res. 
Abstracts 113, p. 12, 4/2/57.) 

A Method of Measuring Jet Thrust of 
Turbojet Engines in Flight Installations, 
by Joseph N. Sivo and David B. Fenn, 
NACA RM ¥53J15, Jan. 1954, 19 pp. 
(Declassified from Confidential by author- 
ity of NACA Res. Abstracts 113, p. 12, 
4/2/57.) 

Experimental Investigation of the Effect 
of a Shrouded Rotor on the Performance 
of a Conservatively Designed Turbine, by 
Cavour H. Hauser and Henry W. Plohr, 
NACA RM E54C11, May 1954, 14 pp. 
(Declassified from Confidential by author- 
ity of NACA Res. Abstracts 113, p. 12, 
4/2/57.) 

Experimental Inves‘igation of Effect of 
High-Aspect-Ratio Rotor Blades on Per- 
formance of Conservatively Designed Tur- 
bine, by Cavour H. Hauser and William J. 
Nusbaum, NACA RM E54C18, May 1954, 
13 pp. (Declassified from Confidential by 
authority of NACA Res. Abstracts 113, p. 
12, 4/2/57.) 

Correlation cf Turbojet Combustor Car- 
bon Formation with Smoke-Volatility In- 
dex, Smoke Point; and NACA K Facto, 
by Edmund R. Jonash, Helmut F. Butze 
and William P. Cook, NACA RM E55D28, 
June 1955, 28 pp. (Declassified from Con- 
fidential by authority of NACA Res. Ab- 
stracts 113, p. 13, 4/2/57.) 

Effect of Dynamic Characteristics of 
Rocket Components on Rocket Control, 
by John C. Sanders, David Novik and 
Clint E. Hart, Inst. Aeron. Sci., Prepr. 
710, Jan. 1957, 26 pp. 16 figs. 

Modern Developments in Solid Pro- 
pellant Rocket Engineering, by Richard D. 
Geckler and Robert E. Davis, Inst. Aeron. 
Sci., Prepr. 719, Jan. 1957, 22 pp., 5 figs. 


Combustion, Fuels and 
Propellants 


On the Combustion and Heat Trans- 
mission in a Glass Tank Furnace, by 
Ikutaro Sawai and Masanaga Kunugi, 
Bull. Inst. Chem. Res., Kyoto Univ., vol. 
34, May 1956, pp. 142-164. 

The Kinetics of the Dark Reaction of a 
Hydrogen-Chlorine Mixture. e 
Kinetics and the Mechanism of the Re- 
action in the Flame, by A. I. Rozlovskii, 
J. Phys. Chem. U.S.S.R., vol. 30, no. 12, 
1956, pp. 2713-2723 (in Russian). 

Interpretation of Some Flame Spectra in 
Terms of Reaction Kinétics, by G. Nen- 
quin, P. Thomas and A. Van Tiggelen, 
Bull. Soc. Chim. Belgiques, vol. 65, Nov.- 
Dec. 1956, pp. 1072-1088. 

Experimental Studies of Chemical In- 
fluences in Air Fuel Combustion, by 
Russell N. Doescher, Calif. Inst. Tech., Jet 
Propulsion Lab., Progress Rep. 3-19, May 
1947, 16 pp. (Declassified from Confiden- 
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4 VAPOFLASH TEMPERATURE PROBES 
IN PARALLEL 


Here Is How VAPOFLASH® Is Used: 
Four or more VAPOFLASH PNEUMATIC 
PROBES are mounted in the turbine exit 
gas stream to provide an average meas- 
urement of the gas temperature. Com- 
pressor discharge pressure is fed through 
a fixed restrictor to a manifold pipe con- 
necting all VAPOFLASH probes. The control 
pressure leads to the engine fuel control. 


When the gas stream temperature acts 
upon the control band, the VAPOFLASH 
probes begin to bleed air to the atmos- 
phere, reducing the control pressure 
proportionally. The power level of this 
control pressure signal is such that 
greatly simplified mechanisms can be 
used to modulate engine fuel flow. The 
VAPOFLASH technique is equally applica- 
ble to afterburner fuel control and vari- 
able exhaust nozzle control. 


A VAPOFLASH SWITCH provides single- 


ELECTRICAL SIGNAL 


VAPOFLASH SWITCH 


TO OVER-TEMPERATURE DEVICE 


FOR HIGH-TEMPERATURE MEASUREMENT... 


CONTROL... PROTECTION 


pole, single-throw electrical contact ac- 
tuation at a desired gas temperature. 
When calibrated to a higher set point 
than the pneumatic probe, this unit will 
provide an electrical control signal for 
emergency over-ride action. 


The VAPOFLASH principle is also available 
as a temperature probe to control fluid 
pressure directly as a function of tem- 
perature. This configuration is partic- 
ularly advantageous when applied in a 
rocket gas generator control. 


Get complete technical details and appli- 
cation data about VAPOFLASH in its three 
forms. We are confident that our long 
experience and extensive facilities for 
developing, manufacturing and testing 
jet engine control components can be of 
practical value to you. For full informa- 
tion and engineering counsel, please ad- 
dress your inquiry to our headquarters 
plant, Danbury, Connecticut. 


THE VAPOFLASH 
RUGGED ...SHOCK RESISTANT... 
FAST RESPONSE...EASY TO INSTALL 


Standard VAPOFLASH control elements are 
being used in steady state temperatures 


as high as 1750° F, and 
current development is di- 
rected toward still higher 
operating temperatures. 


Electrical 
Contacts Output Pneumatic 
... for Over- Output... for 
temperature Air Powered 
Protection Controls 


Fuel Pressure 

Output... for 

Fuel Powered 
Controls 
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MANNING, MAXWELL & MOORE, INC. 
AIRCRAFT PRODUCTS DIVISION + DANBURY, CONNECTICUT » INGLEWOOD, CALIFORNIA 


OUR AIRCRAFT PRODUCTS INCLUDE: TURBOJET ENGINE TEMPERATURE CONTROL AMPLIFIERS * ELECTRONIC 
AMPLIFIERS * PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS * PRESSURE GAUGES 
THERMOCOUPLES * FUEL CONTROL VALVES * HYDRAULIC VALVES * JET ENGINE AFTERBURNER CONTROL SYSTEMS 
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NORTH AMERICAN 
_ AVIATION, INC. 


10 Test Vehicle 
forerunner of the 
supersonic, high 
altitude NAVAHO 


IN THE X-10, 
Statham transducers gathered 
pressure and acceleration data in 
North American Aviation’s program 
to prove out the aerodynamic 
design as well as the guidance 
and control systems for NAVAHO. 


WHEN THE NEED 
IS TO KNOW...FOR SURE 
SPECIFY STATHAM 


Accelerometers 
Pressure Transducers 
Load Cells 


Catalog, complete with prices, 
available upon request. 


LABORATORIES 
LOS ANGELES 64, CALIFORNIA 


tial by authority of Calif. Inst. Tech., Jet 
Propulsion Lab., Pub. 38, p. 5, 1/3/55.) 
The Effect of Gaseous Atmospheres on 
the Burning Rate of Solid Propellants, by 
J. Leslie Jones, Robert T. Moore Jr. and 
John K. Holcomb, Calif. Inst. Tech., Jet 
Propulsion Lab., Progress Rep. 9-44, Oct. 
1949, 30 pp. (Declassified from Confiden- 
tial by authority of Calif. Inst. Tech., Jet 
Propulsion Lab., Pub. 38, p. 12, 1/3/55.) 


Flow Disturbances Induced Near a 
Slightly Wavy Contact Surface, or Flame 
Front, Traversed by a Shock Wave, by G. 
H. Markstein, J. Aeron. Sci., vol. 24, 
March 1957, pp. 238-239. 


Method for Determining the Tensile 
Properties of Solid Rocket Propellants, 
Part II—Composite Propellants (Joint 
Navy Army Air Force Panel on Physical 
Properties of Solid Propellants), Solid 
Propellant Information Agency, SPIA/ 
PP8, Feb. 1957, 16 pp. 

Quarterly Periodic Status Report, Mass. 
Inst. Tech., Depts. Chem. and Chem. 
Engng., Hydrogen Peroxide Labs., Dec. 
1956, 9 pp. 

Ignition Lag Characteristics of Some 
Hydrazine Nitric Acid Propellant Systems, 
by Barnet R. Adelman, Calif. Inst. Tech., 
Jet Propulsion Lab., Progress Rep. 20-164, 
Jan. 1952,10 pp. (Declassified from Con- 
fidential by authority of Calif. Inst. Tech., 
Jet Propulsion Lab., Pub. 38, p. 16, 1/3/ 
55.) 


A Study of Ignition Lag Characteristics 
of Some Liquid Rocket Fuels with Red 
Fuming Nitric Acid, Including Additives to 
the Oxidizer, by Barnet R. Adelman, 


| Calif. Inst. Tech., Jet Propulsion Lab., 


Progress Rep. 20-138, April 1951, 14 pp. 
(Declassified from Confidential by author- 
ity of Calif. Inst. Tech., Jet Propulsion 
Lab., Pub. 38, p. 15, 1/3/55.) 


Apparatus for Laboratory Scale Deter- 
mination of Ignition Lag of Spontaneous 
Liquid Rocket Propellants, by Barnet R. 
Adelman, Calif. Inst. Tech., Jet Propulsion 
Lab., Progress Rep. 9-52, Feb. 1951, 10 pp. 
(Declassified from Confidential by author- 
ity of Calif. Inst. Tech., Jet Propulsion 
Lab., Pub. 38, p. 12, 1/3/55.) 

The Nitrogen Oxides as Rocket Fuel 
Oxidants Including the Theoretical Per- 
formances of Propellant Systems Employ- 
ing Nitrogen Tetroxide, by G. 
Cole, Calif. Inst. Tech., Jet Propulsion 
Lab., Progress Rep. 9-23, Oct. 1948, 42 
pp. (Declassified from Confidential by 
authority of Calif. Inst. Tech., Jet Propul- 
sion Lab., Pub. 38, p. 12, 1/3/55.) 


The Applicability of Solid Propellant to 
High Performance Rocket Vehicles, by M. 
Summerfield, J. I. Shafer, H. L. Tackwell 
Jr. and C. E. Bartley, Calif. Inst. Tech., 
Jet Propulsion Lab., Mem. 4-17, Oct. 
1947, 41 pp. (Declassified from Confi- 
dential by authority of Calif. Inst. Tech., 
ee Lab., Pub. 38, p. 10, 1/3/ 
55. 


An Investigation of the White Fuming 

Nitric Acid-Furfuryl Alcohol Rocket Pro- 
ellant, by Robert H. Boden and Anthony 

riglio, Jr., Calif. Inst. Tech., Jet Propul- 
sion Lab., Progress Rep. 4-67, May 1948, 
31 pp. (Declassified from Confidential 
by authority ef Calif. Inst. Tech., Jet 
Propulsion Lab., Pub. 38, p. 8, 1/3/55.) 

A Preliminary Investigation of Neo- 
prene-Potassium Perchlorate Restricted 
Solid Propellants, by C. E. Bartley, Calif. 
Inst. Tech., Jet Propulsion Lab., Progress 
Rep. 4-25, Aug. 1946, 34 pp., 15 figs. 
(Declassified from C ‘onfidential by author- 
ity of Calif. Inst. Tech., Jet Propulsion 
Lab., Pub. 38, p. 7, 1/3/55.) 

A Study of the Use of Starting Fuels for 


Ignition of Red Fuming Nitric Acid-JP3, 
by Delbert D. Thomas, Calif. Inst. Tech., 
Jet Propulsion Lab., Progress Rep. 1-77, 
Sept. 1951, 9 pp. (Declassified from Con- 
fidential by authority of Calif. Inst. Tech., 
Jet Propulsion Lab., Pub. 38, p. 3, 1/3/55.) 


Studies of the Rocket Motor Propellant 
Combinations: Hydrogen Peroxide-Ni- 
tromethane and Hydrogen Peroxide- 
Methyl Alcohol, by C. R. Foster, Cali. 
Inst. Tech., Jet Propulsion Lab., Progress 
Rep. 1-64, Aug. 1947, 28 pp. (Declassi- 
fied from Confidential by authority of 
Calif. Inst. Tech., Jet Propulsion Lab., 
Pub. 38, p. 3, 1/3/55.) 

Combustion of Elemental Boron, Quar- 
terly Summary Report for December 1956 
through February 1957, Experiment Inc., 
Tech. Memo. 920, March 1957, 5 pp., 2 
figs. 

Some Recent Developments in the Phys- 
ics of Fuel Combustion, by M. W. Thring, 
Brit. J. Appl. Phys., vol. 8, March 1957, 
pp. 89-97. 

Combustion in a Permanent or Varied 
Gaseous Flow, by Max Serruys, Fusées e/ 
Recherche Aéronautique, vol. 1, no. 1, June 
1956, pp. 23-33. 

General Classification and Systematic 
Resolution of Chemical Equilibrium, b) 
Pierre Magot-Cuvru, Fusées et Recherch 
Aéronautique, vol. 1, no. 1, June 1956, pp 
51-64 (in French). 

Applied Chemical Kinetics, XV. Ex- 
plosive Reactions, by J. C. Jungers and P. 
LePrince, Inst. Francais du Petrole, Revue 
et Annales des Combustibles Liquides, vol. 
11, Nov. 1956, pp. 1406-1469, 14 refs 
(in French). 

Combustion and Detonation in Gases, 
by B. Greifer, J. C. Cooper, F. C. Gibson 
and C. M. Mason, J. Appl. Phys., vol. 28, 
March 1957, pp. 289-294. 

Effect of Flow Pulsations on Form Drag, 
by F. J. Bayley, J. Roy. Aeron. Soc., vol. 
61, March 1957, pp. 208-209. 

Stability Limits of Flames of Ternary 
Hydrocarbon Mixtures, by P. F. Kurz, 
Combustion and Flame, vol. 1, no. 1, March 
1957, pp. 3-13. 

A Photoelectric Study of the Light 
Emission from Carbon Monoxide-Oxygen 
Thermal Explosions, by A. S. Gordon, A. 
L. Bennett and N. Davidson, Combustion 
and Flame, vol. 1, no. 1, March 1957, pp. 
19-24. 

Further Experiments on the Stability of 
Laminar and Turbulent Hydrogen-Air 
Flames at Reduced Pressures, by Burton 
Fine, NACA TN 3977, Apr. 1957, 31 pp. 

Determination of Carbon in Inert Or- 
ganic Explosives Intermediates, by Sey- 
mour Lader, Picatinny Arsenal, Samuel 
Feltman Ammunition Labs., Tech. Rep. 
2409, Apr. 1957, 9 pp. 

Fluorine Propellant Study, Quarterly 
Progress Report for period ending 28 
February, North American Aviation Inc., 
Rocketdyne Div., Rep. R-334-3, Mar. 
1957, 12 pp. 

Calculations of Dipole Moments and 
Absolute Intensities of HF, HCl, and HBr, 
by A. Thomson, Calif. Inst. Tech., Daniel 
and Florence Guggenheim Jet Propulsion 
Lab., Tech. Rep. 24, Mar. 1957, 33 pp., 8 
figs. 

Liquid Rocket Propellants: Fuels and 
Oxidizers of the Future, by R. A. Carpen- 
ter, Indust. Engng. Chem., vol. 49, Apr. 
1957, pp. 42A-48A. 

Diffusion of Gases at Elevated Pres- 
sures—Carbon-14-Labeled CO, in CO.-H, 
and CO.-Propane, by Chan-Hui Chou and 
Joseph J. Martin, Jndust. Engng. Chem., 
vol. 49, Apr. 1957, pp. 758-762. 
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JP3, 
ech., 
|-77, 
ech., temperature limits liquid cooled electronic tubes or similar devices. The units are com- 
55.) pletely self-contained and usually comprise such components as heat exchangers, fans 
lant or blowers, liquid pumps, reservoirs, flow switch, thermostat, etc. 
_Ni- Cooling units can be modified as required for varying conditions encountered in land 
ide- or sea as well as aircraft service. Almost all units are designed to meet such specifica- 
alif tion as MIL-E-5400 and MIL-E-5272. 
ress : The units shown below are intended only to illustrate the varying requirements which 
ASsi- can be satisfied. By utilizing fairly standard components and designs based on broad 
r of rs experience in this field, Eastern is able to provide at minimum cost equipment exactly 
sab., suiting a specific requirement. 
Eastern welcomes your consultation on liquid cooling problems ranging from 200 to 
uar- 20,000 watts dissipation. 
uy 
ing, 
957 
ried 
el 
une 
atic 
by 
rche 
Pp. 
E 
1 p MODEL MB-175, TYPE 200 DISSIPA- MODEL E/HT-205, TYPE 200A pis- 
rut TION: 2,000 watts. ALTITUDE RANGE: SIPATION: 1600 watts. ALTITUDE 
vol. sea level to 50,000 feet. POWER RE- RANGE: sea level to 5,000 feet. POWER 
efs QUIRED: 28 volts D.C. WEIGHT: 25 REQUIRED: 28 volts D.C. WEIGHT: 25 
pounds. SIZE: 10” x 15-15/16" x 10%” pounds. SIZE: 10” x 21” x 10” high. 
high. 
s0D 
28, 
ag, 
vol. 
ary 
rch 
ght 
zen 
A. 
ton 
DP. COOLING UNITS 
: MODEL MB-177, TYPE 202 DISSIPA- MODEL E/HT-210, TYPE 200 pis- 
"of By a sustained program of research, TION: 1700 watts. ALTITUDE RANGE: SIPATION: 1500 watts. ALTITUDE 
Air Eastern continuously extends the uses sea level to 50,000 feet. POWER RE- RANGE: sea level to 10,000 feet. POWER 
ton of the latest units in electronic tube QUIRED: 110 volt, 400 cycle, 3 phase. REQUIRED: 208 volts, 400 cycle, 3 phase. 
. cooling, pressurizing electronic equip- WEIGHT: 27 pounds. SIZE: 10” x 19 WEIGHT: 35 pounds. SIZE: 11%” x 19%” 
r- ment, and pumping fuels and hydraulic 15/32” x 7%” high, per JAN-C-1720A, 
py- fluids. Research and testing laboratories, size BI-D1. 
uel a model shop, and three manufacturing 
ep. plants provide the specialized equipment 
and manpower to turn out fully qualified 
rly units to meet appropriate government 
28 specifications. 
UC.., From our extensive line of existing units, 
ar. / adaptations of these units, or completely 
new designs, Eastern can provide equip- 
nd ment to handle your project well. Your 
Br, inquiry is welcomed. 
tel 
on 
nd MODEL E/HT-200, TYPE 201 pissi- MODEL NO. 5-A DISSIPATION: 1,000 
a PATION: 1,000 watts. ALTITUDE RANGE: watts. ALTITUDE RANGE: sea level to 
vas FASTERN INDUSTRIES INC sea level to 50,000 feet. POWER RE- 5,000 feet. POWER REQUIRED:; 100 to 
’ 4 QUIRED: 28 volts D.C. WEIGHT: 14% 110 volts D.C. WEIGHT: 10 pounds. SIZE: 
4 SCT RE ET pounds. SIZE: 10” x 10” x 6” high. 7%" x 13%" x 9-1/16” high. 
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| The Johns Hopkins University 
a Applied Physics Laboratory 


8617 Georgia Avenue, Silver Spring, Md. 


ENGINEERS 


Aerodynamics & Propulsion 


Information 


manual about 


APL and 


programs 
now available 


The Applied Physics Labora- 
tory (APL) of The Johns 
Hopkins University is unique 
in that we are neither an in- 
dustrial nor an academic 
organization, but rather a 
composite, having drawn 
freely from the methodolo- 
gies of each. 

For thirteen years APL has 
pioneered in guided missiles. 
Today we are engaged in a 
broad program of R & D for 
the Navy; in addition, we are 
responsible for technical di- 
rection of industrial and 
academic contractors in de- 
veloping the Terrier, Talos 
and other major weapons and 
weapons systems. Our staff 
members enjoy not only the 
stimulus of association with 
their immediate colleagues at 
APL, but also with those in 
other organizations of con- 
siderable stature. 


NEW 30-PAGE PUBLICATION 


A few positions for senior engi- 
neers and scientists are now 
open. Information on our ac- 
complishments and goals is 
available in a new 30-page pub- 
lication, just off the press. 

In it staff leaders representing 
each of the various disciplines 
and fields outline the nature of 
their programs. Information on 
our new laboratory in Howard 
County, Md. (equidistant be- 
tween Baltimore and Washing- 
ton) is also included, together 
with facts on the outstanding 
communities in which our staff 
members live. 


Quantity ts somewhat limited. 
May we suggest you send now to: 
Professional Staff Appointments, 


Burning Velocities of Bunsen Burner 
Flames by the Flame-Pressure Method, 
by Loren E. Bollinger, William A. Strauss 
and Rudolph Edse, Indust. Engng. Chem., 
vol. 49, Apr. 1957, p. 768-773. 


Application of the Method of Deformed 
Atoms in Molecules to the Hydrogen 
Molecules, by Tadashi Arai, J. Chem. 
Phys., vol. 26, March 1957, pp. 451-454. 


Effects of Pressure on Ultrasonic Re- 
laxation in Liquids, by T. A. Litovitz, F. 
H. Carnevale, and P. A. Kendall, J. Chem. 
Phys., vol. 26, March 1957, pp. 465-468. 


Theory of Ultrasonic Thermal Relaxa- 
tion Times in Liquids, by Theodore A 
Litovitz, J. Chem. Phys., vol. 26, March 
1957, pp. 469-473. 

Chemical Bond: A One-Dimensional, 
Square Well-Type Model, by Gordon M. 
Barrow, J. Chem. Phys., vol. 26, March 
1957, pp. 558-562. 

Kinetics of Reaction between Hydrogen 
and Nitrogen Dioxide, by Willis A. Rosser 
Jr. and Henry Wise, J. Chem. Phys., vol. 
26, March 1957, pp. 571-576. 

Dissociation Energies of Carbon Mon- 
oxide and Nitrogen from Reflected Shock 
Wave Studies, by J. P. Toennies and FE. F. 
Greene, J. Chem. Phys., vol. 26, March 
1957, pp. 655-662. 

Hydrogen-Oxygen Explosions in Ex- 
haust Ducting, by Paul M. Ordin, NACA 
TN 3935, Apr. 1957, 31 pp. 

Development of an Improved Method 
for Determining the Impact Sensitivity of 
Liquid Explosives, by P. H. Skidmore 
and D. E. Thompson, Hercules Power Co., 
Allegany Ballistics Lab., Rep. ABL/X-10, 
Jan. 1957, 63 pp. 

Spectrophometric Method for the Simul- 
taneous Determination of Actual Di- 
phenylamine and Its Primary Degrada- 
tion Products in a Propellant, by Mario A. 
Laccetti and Milton Roth, Picatinny 
Arsenal, Samuel Feltman Ammunition 
Labs., Tech. Rep. 2407, Apr. 1957, 32 pp. 

PVT Relationships of Methane at 
Temperatures 0°C to 150°C and Pressures 
20 to 80 Atmospheres, by H. W. Schamp 
Jr., E. A. Mason and A. C. B. Richardson, 
Univ. Maryland, Inst. Molecular Physics, 
1957, 20 pp. 

Experimental Study of Heat Transfer 
to Small Cylinders in a Subsonic, High- 
Temperature Gas Stream, by George FE. 
Glawe and Robert C. Johnson, Appendix 
C: Method Used to Compute Viscosity 
and Thermal Conductivity of Combustion 
Gas Mixtures, by Richard 8. Brokaw 
and Robert C. Johnson, NACA TN 
3934, May 1957, 21 pp. 

Burning Rate Studies, V: Effect of 
Acid Concentration on the Consumption 
Rate of Various Fuels with Nitric Acid, 
by A. Greenville Whittaker and Harry 
Williams, J. Phys. Chem., vol. 61, Apr. 
1957, pp. 388-394. 

Spectra Produced by Shock Waves, 
Flames and Detonations, by A. R. Fair- 
bairn and A. G. Gaydon, Proc. of the 
Royal Soc., vol. A239, Apr. 9, 1957, 
pp. 464-475. 

Burning Velocities of Hydrogen Cya- 
nide in Air and in Oxygen, by L. Cohen 
and P. Simpson, Combustion and Flame, 
vol. 1, Mave 1957, pp. 60-62. 

Flame Zone Studies, [I[I—Techniques 
for the Determination of Composition 
Profiles of Flame Fronts, by R. M. 
Friston, R. Prescott and C. Grunfelder, 
Combustion and Flame, vol. 1, March 
1957, pp. 102-113. 

Relation of Boundary Velocity Gradient 


for Flash-Back to Burning Velocity and 
Quenching Distance. by A. Berlad 


and A. I. Potter, Combustion and Flame 
vol. 1, March 1957, pp. 127-128. 


Experimental Investigation of Liquid 
Diborane-Liquid Oxygen Propellant Com- 
bination in 100 Pound Thrust Rocket 
Engine, by William H. Rowe, Paul M. 
Ordin and John M. Diehl, NACA RM 
E9C11, May 1949, 25 pp. (Declassified 
from Confidential by authority of NACA 
Res. Abstracts 113, p. 11, 4/2/57.) 


Altitude Wind Tunnel Investigation of 
AN-F-58 Fuel in Experimental Version 
of J47 Turbojet Engine, by Carl L. Meyer, 
NACA RM E8L13, May 1949, 16 pp. 
(Declassified from Confidental by 
authority of NACA Res. Abstracts 113, 
p. 11, 4/2/57.) 

Effect of Fuel Additives on Carbon 
Deposition in J33 Single Combustor, IV— 
Nine Oxygen-Bearing Compounds, by 
Edmund R. Jonash, William P. Cook and 
Jerrold D. Wear, NACA RM £F55J31, 
Feb. 1956, 12 pp. (Declassified from 
Confidential by authority of NACA Res. 
Abstracts 113, p. 13, 4/2/57.) 

Liquid Rocket Propellants—Is There 
an Energy Limit? by John F. Tormey, 
Inst. Aeron. Sci., Prepr. 718, Jan. 1957, 
18 pp., 16 figs. 

A Study of Liquid Oxygen Blowoff, by 
David T. Harrje, Calif. Inst. Tech., Jet 
Propulsion Lab., Memo. 20-138, Dec. 
1956, 13 pp. 

The Heats of Combustion of Substi- 
tuted Triazoles, Tetrazoles and Related 
High Nitrogen Compounds, by Mary M. 
Williams, William S. McEwan and 
Ronald A. Henry, J. Phys. Chem., vol. 
61, March 1957, pp. 261-267. 

The Kinetics of Nitrogen Atom Reac- 
tions Accompanied by Catalyzed Recom- 
bination of Atoms, by W. Forst, H. G. V. 
Evans and C. A. Winkler, J. Phys. Chem., 
vol. 61, March 1957, pp. 320-325. 


Decomposition Study of Concentrated 
Hydrogen Peroxide, by A. Greenville 
Whittaker and Charles M. Drew, J. Phys. 
Chem., vol. 61, March 1957, pp. 382-384. 


Self Combustion of Acetylene, III 
Effect of Oxygen and Ethylene Oxide, 
by W. W. Robertson and F. A. Matsen, 
Combustion and Flame, vol. 1, March 
1957, pp. 94-98. 

A Cool Flame Phenomenon in the Com- 
bustion of Acetylene, by W. W. Robertson 
and F. A. Matsen, Combustion and Flame, 
vol. 1, March 1957, pp. 99-101. 

Mechanism of Inhibiting Effect of 

Hydrofluoric Acid in Fuming Nitric Acid 
on Liquid Phase Corrosion of Aluminum 
and Steel Alloys, by David M. Mason 
and John B. Rittenhouse, Calif. Inst. Tech., 
Jet. Propulsion Lab., Progress Rep. 
30-309, Dec. 1956, 13 pp. 
The Density of Crystalline Cyclotetra- 
methylenetetranitramine, by John H. 
Bryden, NAVORD Rep. 5398, (NOTS 
1652), Feb. 1957, 3 pp. 

Some Aspects of the Stabilization of 
Concentrated Solutions of Hydrogen Per- 
oxide, by W. C. Schumb, Mass. Inst. 
Tech., Dept. Chem., Rep. 30, Feb. 1957, 
14 pp. 

General Thermodynamics of Propergols, 
by P. Magot-Cuvru, Fusées et Recherche 
Aéronautique, vol. 1, no. 2, Oct. 1956, 
pp. 115-128 (in Frendh). 

The Reaction of Methyl-d; Radicals 
with Cyclopropane and 
by James R. MeNesby and Alvin S. 
ulin, J. Amer. Chem. Soc., vol. 79, Feb. 
20, 1957, pp. 825-826. 

Spontaneous Ignition Temperature of 
Hydrocarbons, by D. E. Swarts and 
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SDD needs an aeronautical engineer who might aptly be 


described as a specialist in the element of choice. 


He will be required to evaluate equipment 


and equipment systems for purposes of incorporation 
into a major nation-wide system. 

The position requires general familiarity with a wide 
range of technical subjects, including missiles, 
interceptor aircraft, and electronic systems, with 
recent specialization in at least one of these. 

The ability to think in broad concepts, while 7 


retaining mastery of subordinate but complex factors, -— 
is also necessary. 


THE ELEMENT OF CHOICE 


This engineer must be qualified to keep up with 
F advancements in his field, through liaison with other 
departments and companies. 


Call collect or write for more information. ey 


System Development Division 
7 The Rand Corporation 


Pes. 2410 Colorado Ave., Santa Monica, Calif. GRanite 8-8293, Extension 53 or 54 


DEHYDRATION 
OF GASES 


HI-LO PRESSURES 
FLOWS 


“PAT. PEND.” 
1/ New Leakproof Design—Chambers and CHARACTERISTICS 
Cartridges Ring sealed, no possibility 
of gas bypassing the cartridge. Stainless Steel es types operating under high temper- 
Ball and Race ature (800-1200 degrees F.). 
V No tools required to change cartridge or Roce { 


Mechanical Filter Element for cleaning. Bronze Race and —_{ Fer types operating under normal loads 


Chrome Steel Ball with minimum friction requirements. 


. * 7 Thousands in use. Backed by years of service life. Wide variety 

Vv Manval or Automatic Units. Portable, sta of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
tionary or airborne installations. similar size range with externally or internally threaded shanks. 
Ch faite Our Engineers welcome an opportunity of studying individual 


requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
WRITE FOR study of different operating conditions, various steel alloys 
BULLETIN have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Dept. JP-57. 


SOUTHWEST PRODUCTS CO. 


1735 W. FLORENCE AVE. LOS ANGELES 47, CALIF. 1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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of highest precisio 
for 


INSTRUMENTS 
MISSILES 
ROCKETS, 


Specializing i 


W the production o 


small parts requirin: 


REG, US. PAT. OFF. 


extremely close tole 


ances since 1908 — Sen 
your drawings for quota 
tions — Brochure will be mailec 


upon request. 


LAVEZZ| MACHINE WORKS 


4635 WEST LAKE ST. ° CHICAGO 4 


Generate voltage 
in ambients 
to 500° F. 

with Electro 
Transducer 


Actual Size 
Model 3015-HT 


$19.50 list 


netic Pickup accurately measures rate of motion... 


hahediharn _ despite temperatures soaring to 500° F. The voltage : 

‘produced can be used to indicate, actuate, synchronize 
gr control electrical or mechanical operations. : 
ding ss Write today for Bulletin #CMP 656, which describes : 


a variety of magnetic pickups available. 
Transducers for counting, control and measurement 


ELECTRO PRODUCTS LABORATORIES 


4501-J North Ravenswood Ave., Chicago 40, Illinois 
Canada: Atlas Radio Ltd., Toronto 


7160 


TRANSDUCER R COUNTING 
CONTROL AND MEASUREMENT 
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Milton Orchin, Indust. and Engng. Chem. 
vol. 49, March 1957, Part 1, pp. 432-436. 

Thermodynamic Functions of Some 
Simple Fluorine Compounds, by Robert 
L. Potter, J. Chem. Phys., vol. 26, Feb. 
1957, pp. 394-399. 

Aluminized Explosives, by Melvin A. 
Cook, Aaron §. Filler, Robert T. Keyes, 
William S. Partridge and Wayne Ursen- 
bach, J. Phys. Chem., vol. 61, Feb. 1957, 
pp. 189-196. 

The Thermal Dissociation of Tertiary 
Butyl Peroxide in Presence of Nitric 
Oxide, by F. W. Birss, C. J. Danby and 
Sir Cyril Hinshelwood, Proc. Royal Soc., 
vol. 239, Feb. 26, 1957, pp. 154-164. 

Studies of the Mechanism of Flame 
Stabilization on Bluff Bodies by a Spectral 
Intensity Method, by Edward S. Wilson, 
Princeton Univ., Dept. Aeron. Engng., 
Rep. 374, March 1957, 58 pp., 7 figs. 
(MSE Thesis). 

The Structure of Laminar Flames, by 
Robert M. Fristrom, Johns Hopkins 
University, Applied Physics Lab., CM-889, 
Nov. 1956, 53 pp. 


Materials of Construction 


A Phenomenological Relation between 
Stress, Strain Rate, and Temperature for 
Metals at Elevated Temperatures, by 
Elbridge Z. Stowell, NACA TN 4000, 
May 1957, 19 pp. 

Ceramic Materials Research in the 
United Kingdom; Aircraft and Rocket 
Vehicles, by C. R. Austin, Rand Corp. 
Rep. RA-15057, Nov. 1947, 30 pp. (De- 
classified from Confidential by authority 
of ASTIA TAB U-122, p. 33, 3/27/57.) 

High-Temperature Brazing Proves O.K. 
for Jet Engines, by John V. Long, George 
D. Cremer and Richard S. Mueller, SAE 
J., vol. 65, March 1957, pp. 43-49. 

A Study of the Impact Behavior of 
High-Temperature Materials, by H. B. 
Probst and Howard T. McHenry, NACA 
TN, 3894, March 1957, 23 pp. 

An Investigation of High-Temperature 
Vacuum and Hydrogen Furnace Brazing, 
by Walter E. Russell and John P. Wisner, 
NACA TN 3932, March 1957, 29 pp. 

Engine Performance of Precision- 
Forged, Electro-Polished and Machined 
Blades of Nimonic 80 and 80A Alloys, 
by Paul F. Sikora and James R. John- 
ston, NACA RM E55A21, April 1955, 
27 pp. (Declassified from Confidential 
by authority of NACA Res. Abstracts 
112, p. 13, 3/12/57.) 

Effects of a Straightening Operation 
on Performance of Inconel 550 Buckets, 
by C. A. Gyorgak, J. R. Johnston and 
J. W. Weeton, NACA RM _ E55L06, 
Feb. 1956, 24 pp. (Declassified from 
Confidential by authority of NACA Res. 
Abstracts 112, p. 13, 3/12/57.) 

Engine Performance of Overtempera- 
ture Heat-Treated S-816 Buckets, by 
R. A. Signorelli, F. B. Garrett, and J. W. 
Weeton, NACA RM No. E55L06a, 
March 1956, 26 pp. (Declassified from 
Confidential by authority of NACA 
Res. Abstracts 112, p. 14, 3/12/57.) 


Instrumentation, Teleme- 
tering, Data Recording 


Simple Bridge Method for the Measure- 
ment of Thermal Conductivity of Gases 
and Gas Mixtures, by Mahendra P. 
Madan, J. Franklin Inst., vol. 263, March 
1957, pp. 207-212. 

Properties and Applications of Thermis- 
tors, by Jacques Bleuze, Fusées et Recherche 
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TECHNIQUES ond DEVELOPMENTS 


in oscillographic recording 


DESIGN PRINCIPLES AND SOME APPLI- 
CATIONS OF A PREAMPLIFIER FOR 
LOGARITHMIC MEASUREMENTS 


HE Model 150-1400 Log Audio Preamplifier 

(Figure 1), one of eleven plug-in ‘front ends” 
now available for 150 Series systems, permits 
measurements involving logarithmic or exponential 
functions. The “‘Log Diode”’ circuit (shaded portion 
of circuit block diagram in 
Fig. 2) is the heart of this 
instrument, and is based on 
the logarithmic relationship be- 
tween the voltage across a 
thermionic diode and the cur- 


Fig. 2 


| To 
stage | AMPLIFIER 


rent through it. If R is large, the current through the 
diode i, becomes proportional to the voltage e,, and 
the logarithmic relationship of e: and i, is trans- 
formed into a logarithmic relationship between e, 


/ and e;. Circuit constants for this Preamp were chosen 


to provide an accurately logarithmic relationship 
between e2 and e;, over the range of 200 to .63 volts 
for e,. This is a 50 db spread, and the gain of the DC 
output amplifier (fed by e:) is arranged so that a 50 
db variation in e; produces a 50 mm stylus deflection. 

In audio or AC measurements, e; is derived from 
a peak reading type rectifier-filter circuit, which 
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follows a high quality 20 cycle — 20 KC audio 
amplifier. With an input of 100 mv RMS, this 
amplifier will produce a 200 volt output from the 
rectifier. The 50 db chart, therefore, corresponds to 
a variation in AC input voltage of 0.316 to 100 mv. 
In DC measurements, the audio amplifier is by- 
passed and the input applied to the diode circuit. 
Since the diode itself is a rectifier, used in the forward 
direction with its cathode near ground, the DC input 
must be polarized with the high side positive. 

One broad area of application for the Log Audio 
preamplifier is audio level recording. For example, 
room reverberation time can be measured by record- 
ing sound level decay after the sound source is 
suddenly turned off, the reverberation time con- 
sidered the period required for a 60 db decay to 
occur. Another example of audio signal recording 
is the plotting of frequency response curves of audio 
equipment such as 
speakers, etc. A multi-channel recording system with 
appropriate filters also makes possible audio spec- 
trum analysis. 

A second major type of application of this 
Preamp is the recording of DC voltages on a db 
basis. If the signals are small, a chopper can be used 
to convert DC to AC, thus taking advantage of the 
Preamplifier’s audio amplifier. With an impedance 
matching transformer added to such an arrange- 
ment, the system becomes a logarithmic DC milli- 
voltmeter or logarithmic DC 
extreme sensitivity. Such a device could be used for 
plotting the volt-ampere characteristic of a ger- 
manium diode, which might be very helpful in 
selecting matched pairs of diodes. Another possi- 
bility is plotting the output of a fixed gain radio 
receiver and linear detector to a db scale, to rapidly 
record antenna performance data. 


microphones, filters, loud- 


microammeter of 


contained in an article by Dr. Arthur Miller, Chief Electrical Engineer of Sanborn Company, published 
in the Sanborn RIGHT ANGLE. Copies are available on request. 


Which Oscillographic Recording “PACKAGE” fits your needs? 


SANBORN “150's” are housed, basically, in 
either of two ways: a vertical mobile cabinet, 
or separate portable cases for amplifier and 
recorder units. This in itself provides a number 
of “packaging” possibilities, but the number is 
greatly increased by various other alterncte, 
and sometimes special, housings. For example, an entire 
six- or eight-channel recording bly i ilabl 


y is av m 
an extremely compact, mobile cabinet only 45” high; 
or the same recorder can be portably housed in a 
22" x 21” x 23” case. If field use of “150's” is planned, 
individual. units in cases fitted with removable covers 


Detailed information, and assistance with your 
particular recording problem, is olways available 


175 WYMAN ST., WALTHAM 54, MASS. 


SANBORN COMPANY 


and carrying handles, connected by patch cords, may 
be the best answer. Occasionally only a “special” 
adaption will meet a specific need. 

But whatever the “150” oscillographic recording 
“package” you use, you're assured of basic. Sanhorn 
“150” advantages: inkless recordings in true rectangular 
coordinates; 1% linearity, resulting from high torque 
galvanometers and current-feedback driver amplifiers; 
numerous chart speeds, from 0.25 to 100 mm/sec.; choice 
of single to 8-channel systems, readily adapted to new 
requirements by plug-in Preamplifiers selected from 11 
presently available types. 
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Custom ELECTRONIC CABLES 


Electronic system design and performance no longer 
need to be compromised because of lack of 
adequate electrical connections between system 
elements. Environments including critical tempera- 
tures (— 85° to + 410°F)...High G... metal 
burning velocities ...extreme vibration... pressure 

or vacuum...abrasion...flexing...or severe 
electrical loads. D-R Cables spell performance, 

: durability, stability...wholly new design horizons. 
Write for complete facilities 
brochure... let us help you 


system engineer your com- 
plete layout. 


A D-R Custom Cable can meet 
your most critical missile, air- 
frame or automation electronic 
system requirements. 


Engineers, investigate your future with: 


extend your design possibilities 


ROUND OR FLAT, lozenge, eliptical 
shape or any combination in a 
single length of cable available 
at D-R. 


CABLES CAN BE CUSTOMIZED with 
electronic conductors, steel, 
nylon or teflon for strength; 
elastic shock cord, pneumatic or 
hydraulic hoses. 


DIVISION OF 
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Aéronautique, vol. 1, Oct. 1956, pp. 131 
142 (in French). 

Special Batteries for Aeronautics and 
Missiles, by M. Emeriat, Fusées el 
Recherche Aéronautique, vol. 1, Oct. 1956, 
pp. 179-181 (in French). 

A New Method of Presenting Dielectric 
Losses ‘ an Insulated Solid, by H. 
Bonifas, Fusées et Recherche Aéronautique, 
vol. 1, Dec. 1956, pp. 295-302 (in French). 

Computers, Mathematics, Statistics and 
Automation, by Arthur Rose, R. Curtis 
Johnson, R. L. Heiny, Theodore J. 
Williams and J. A. Schlik, Indust. Engng. 
Chem., vol. 49, March 1957, Part 2, 
pp. 554-564. 

Miniaturized Heat Meter for Steady- 
state Aerodynamic Heat-Transfer Meas- 
urements, by Frederic W. Hartwig, 
C. A. Bartsch and H. McDonald, J. Aeron. 
Sci., vol. 24, March 1957, p. 239. 

Bibliography on Linear Programming, 
by F. Virginia Rohde, Operations Res., 
vol. 5, Feb. 1957, pp. 45-62. 


Guidance Systems and 
Components 


Radioelectric Guidance of Missiles 
and the Radio-Mailles System, by P. 
Gaudillére, Fusées et Recherche Aéro- 
naulique, vol. 1, no. 3, Dec. 1956, pp. 
219-225 (in French). 

Guidance of Missiles at Great Dis- 
tances, by Pierre Gaudillére, Fusées ef 
Recherche Aéronautique, vol. 1, no. 1, 
June 1956, pp. 45-49 (in French). 

Early Analysis Forestalls Missile Con- 
trol Problems, by Robert L. Johnson, 
Aviation Age, vol. 27, March 1957, p. 26. 

Infrared for Missile Guidance, Fire 
Control, by James Holahan, Ariation 
Age, vol. 27, March 1957, pp. 90-97. 

Summary Report of Corporal E, Auto- 
ilot, by Richard P. Gaunt and Robert 
. Parks, Calif. Inst. Tech., Jet Propulsion 
Lab., Progress Rep. 4-117, Dec. 1949, 
30 pp. (Declassified from Confidential 
by authority of Calif. Inst. Tech., Jet 
Propulsion Lab., Pub. 38, p. 9, 1/3/55.) 

Report on Controls for Corporal E, 
(Sperry Gyroscope Co.), Calif. Inst. Tech., 
Jet Propulsion Lab., Rep. 4-15, June 1946. 
93 pp., 40 figs. (Declassified from Con- 
fidential by authority of Calif. Inst. Tech., 
Jet Propulsion Lab., Pub. 38, p. 6, 1/3/55. ) 

Reports on Controls for Corporal E, 
(Sperry Gyroscope Co.), Calif. Inst. Tech., 
Jet Propulsion ., Rep. 4-15 (Adden- 
dum), July 1947, 16 pp. (Declassified 
from Confidential by authority of Calif. 
Inst. Tech., Jet Propulsion Lab., Pub. 
38, p. 6, 1/3/55.) 

Report on Controls for Corporal E, 
(Sperry Gyroscope Co.), Calif. Inst. Tech., 
Jet Propulsion Lab., Rep. 4-36, Sept. 1947, 
15 pp. (Declassified from Confidential 
by authority of Calif. Inst. Tech., Jel 
Propulsion Lab., Pub. 38, p. 6, 1/3/55.) 

Inertial Guidance, by Walter Wrigley, 
Roger B. Woodbury and John Hovorka, 
Inst. Aeron. Sci., Sherman M. Fairchild 
Pub. Fund, Pap. F¥-16, Jan. 1957, 69 pp. 

Inertial Guidance for Air Force High- 
Punch Missiles, by J. M. Slater, Missiles 
and Rockets, vol. 2, April 1957, pp. 77-79. 


Servomechanisms and 
Controls 


Investigation of a Nonlinear Control 
System, by I. Fliigge-Lotz and C. F. 
Taylor, NACA TN 3826, 92 pp. 

Power Amplifier for Servo Testing, 
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For Precision Switching 


... try this Rugged and Reliable, . 
featherweight squib-actuated switch 


— 


Designed for use in guided missile and special weapons circuits, the ‘“OM-300 Series” 
Squib Switches are now available for general use wherever there is need for a compact, 
reliable device to open and/or close up to four electrical circuits simultaneously. 
The actuating squib is more sensitive than a delicate relay, yet switching action is 
faster and more positive than that of a massive solenoid switch. 


The OM-300 Series includes all possible combinations of normally open and normally 
closed contacts in the four pole switch illustrated above. Switches of this series will 
solve many problems for designers of warhead fuzes, missile control systems, aircraft 
emergency systems, and missile telemetering systems. “) 


® Size: 144” x 4%" x 21%" (Terminals extend 14”) (Non-delay) 
Weight: 280 grains (.64 oz.) (Non-delay) - 
Number of Poles: 4, any combination of open and closed =, 
Current Capacity, Closed Pole: 25 amperes continuously - 
200 amperes for 100 milliseconds 

* Voltage, Standoff, Open Pole: 500 volts minimum 

Energy to Actuate Switch: With carbon bridge squib—500 ergs at 50 volts 

(Minimum values recommended) 
With wire bridge squib—5,000 ergs at 6 volts 


(Minimum values recommended) 
® Switch Actuation Time*: Less than 5 milliseconds <a 


*Actuation Times as short as 0.1 millisecond and as long as 20seconds will be eee 


Write today for additional data on this effective device. 


PARKE THOMPSON ORDNANCE SECTION 
SAINT LOUIS 19, MISSOURI 
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Project Engineers 
R & D WORK 


Rocket Development 


To work with senior project engineers on 
prototype development and testing of solid 
propellant rocket propulsion systems. Ability 
to coordinate efforts and work effectively with 
others important. B.S. or M.S. in chemistry, 
chemical or mechanical engineering, with up 
to five years’ experience. 


Aerodynamics 

To work on design end testing problems asso- 
ciated with exterior ballistics of rockets and 
missiles, and expanding program of other flight 
systems development. Experience in thermal 
problems of rocket and missile design and test- 
ing helpful. B.S. or M.S. in chemical, aero- 
nautical, or mechanical engineering. 

As a research-for-profit operation, 
ARC has been consistently in the 
black during its eight years of exist- 
ence. Company activities increased 
50% last year, and we are currently 
operating at a $214 million level. In 
the general ea advances have 
been particularly rapid in rocket 
work. Current rocket projects we 
can mention include a small auxiliary 
power rocket for the Project VWAN- 
GUARD Earth Satellite launching 
vehicle and our own high-altitude 
sounding rockets, the Arcon and the 
Iris. 


Please send detailed resume of experience, age, 
— qui ts, and professional references 


ATLANTIC RESEARCH 
CORPORATION 
Alexandria, Virginia 
In the Washington D. C. Metropolitan area 


Travelling at Mach 10 it would 
take about 7 months to reach 
Mars . . . but we understand 
that the Martians are pre- 
judiced against hiring foreign 
engineers, so why bother. Here 
at ASCOP there are more op- 
portunities for capable men 
than there are miles to Mars. 
If you can qualify in the fields 
listed below, call or write our 
Technical Personnel Manager. 


ELECTRONIC ENGINEERS 
Skilled In 
Data Acquisition 
Data Handling 
RF Techniques 
Circuit Design 
Transistor Applications 
Technical Writing 


“~SASCOP 


APPLIED SCIENCE CORP. 
OF PRINCETON 


12 Wallace Rd., Princeton, N.J. 
Phone PLainsboro 3-4141 


Dept. F, 15551 Cabrite Road 
Van Nuys, Calif. State 2-7030 


by Joseph M. Diamond, Elecirunics, vol. 
30, May 1957, pp. 176-178. 

Experimental Investigation of Tem- 
perature Feedback Control Systems Appli- 
cable to Turbojet-Engine Control, by C. 
E. Hart, L. M. Wenzel and R. T. Craig, 
NACATN 3936, March 1957, 56 pp. 

Experimental Comparison of Speed— 
Fuel-Flow and Speed- Area Controls on a 
Turbojet Engine for Small Step Dis- 
turbances, by L. M. Wenzel, C. FE. 
and R. T. Craig, NACA TN 3926, March 
1957, 56 pp. 


Flight Vehicle Design and 
Testing 


Concepts and Methods for the Investi- 
gation of Guided Missile Reliability, 
by D. J. Davis, Rand Corp. Rep. R-107, 
Nov. 1948, 71 pp. (Decl assified from 
Confidential by authority of AST] A TAB 
U-122, p. 34, 3/27/57.) 

Concepts and Applications of Reliabil- 
ity, by R. R. Carhart, Rand Corp. Rep. 
RM 531, Mar. 1951, 16 pp. (Declassi- 
fied from Confidential by authority of 
ASTIA TAB U-122, p. 35, 3/27/57.) 

USAF’s Long-Range Missile Program, 
Missiles and Rockets, vol. 2, Apr. 1957; 
pp. 57-61. 

Ground-Controlled Drone Tests Mis~ 
siles, by Forrest Warren and Carlton 
Corden, Electronics, vol. 30, March 1, 
1957, pp. 182-184. 


Structural Tests on IGY Satellite Near, 
by Henry P. Steier, American Aviation. 
vol. 20, Jan. 14, 1957, pp. 50-52. 

Soviet Astronautics, by Alfred J. 
Zaehringer, Missiles and Rockets, vol. 2, 
Feb. 1957, pp. 45-46. 

Organizationa 1 Chart of the Society IGY 
Satellite Program, Missiles and Rockets, 
vol. 2, Feb . 1957, p. 49. 

Satellites for Checking Einstein’s Rela- 
tivity Theory, by M. Subotowicz, Missiles 
and Rockets, vol. 2, Feb. 1957, pp. 57-59. 

Aerodynamics, Gas Dynamics and Heat 
Transfer Problems of a Satellite Rocket» 
by R. W. Krueger and G. Grimminger, 
Rand Corp., RA-15022, Feb. 1947, 61 pp. 
(Declassified from Secret by authority of 
ASTIA TAB U-119, p. 47, 2/18/57.) 

Space Travel: A Selected List of Titles 
for Lecturers and Students (Special 
Bibliography No. 2), Washington, Army 
Library, March 1956, 11 pp. 

Bibliography on Jet Propulsion and 
Reaction Propulsion with Application to 
Interplanetary Flight, by Giorgio Nebbia 
(1949-1954), Bologna Tipographia Com- 
positori, 1955, 112 pp. (in Italian). 

The Uses of Artificial Satellite Vehicles, 
Part 1, by H. E. Canney Jr. and F. I. 
Ordway III, Astro. Acta, vol. 2, no. 4, 
1956, pp. 147-174. 

Ascent of Orbital Vehicles, by K. A. 
Ehricke, Astro. Acta, vol. 2, no. 4, 
1956, pp. 175-190, 12 figs. 

Rocketry, by R. Tousey, Smithsonian 
Contributions to Astrophysics. vol. 1, no. 1, 
1956, pp. 39-44. 

Astroballistics, by Richard N. Thomas, 
Smithsonian Contributions to Astrophysics, 
vol. 1, no. 1, 1956, pp. 49-52. 

Personal Experiences during Short 
Periods of Weightlessness Reported by 
Sixteen Subjects, by S. J. Gerathewohl, 
Astro. Acta, vol. 2, no. 4, 1956, pp. 203- 
217. 


For The 
Professional Engineer .. . 


A FUTURE IN JET ENGINES 
AT GENERAL ELECTRIC 


The Jet Engine Department at our 
Evendale Plant in suburban Cincinnati 
offers qualified engineers excellent 
positions in the design and 
development of advanced propulsion 
systems. Openings are in these and 
other fields: 


Turbine Aerodynamic Development 
MECHANICAL DESIGN 
RESPONSIBILITIES OF TURBINE 
STRUCTURES AND COMPONENTS. 
WORK INCLUDES PLANNING 
AND EXECUTION OF PROGRAMS 
TO MEET ADVANCED DESIGN 
OBJECTIVES. 

Thermodynamic Cycle Analysis 
INITIATE, DEVELOP AND CARRY 

PROGRAMS CYCLE 

ANALYSIS TO 


MODIFICATION. 

Compressor Mechanical Design 
RESPONSIBLE FOR THE 
MECHANICAL DESIGN OF 
COMPONENTS .. . SOLVE 
SPECIALIZED PROBLEMS ARISING 

H OF 


IN THE DESIGN 
COMPRESSORS. 

Augmentation Development 
PERFORM DEVELOPMENT 
EVALUATION ON ADVANCED 
ENGINES . . CONDUCT TESTS 
OF ADVANCED DESIGN 
COMPONENTS. 


Combustion Design 


THERMODYNAMIC DESIGN 
AND DEVELOPMENT OF 
AUGMENTATION SYSTEMS AND 
COMPONENTS. PLAN AND 
CONDUCT ANALYTICAL AND 
EXPERIMENTAL PROGRAMS FOR 
THE DESIGN OF SPECIFIC 
AUGMENTOR- SYSTEMS. 
Test Devices Design 
INITIATE AND CO-ORDINATE 
ANALYTICAL AND TEST 
PROGRAMS TO PROVIDE ENGINE 
DESIGN CRITERIA . . . DESIGN 
TEST FACILITIES FOR TURBO 
JET ENGINE COMPONENTS _ IN 
SIMULATED FLIGHT CONDITIONS. 
Engine Structures Design 

MECHANICAL DESIGN AND 
DEVELOPMENT OF ASSIGNED 
COMPONENTS FOR 
EXPERIMENTAL, PROTOTYPE AND 
PRODUCTION ENGINES. 


Positions are at all levels, 
including supervisory. 


NEW AND ADVANCED JET ENGINE 
PROJETS at General Electric now make 
it possible for our engineers to pursue 
their professional aspirations to the 
highest degree. Presently, we are 
designing growth versions of the J-79 
engine, and we are actively engaged in 
a mew engine project. We are also 
designing propulsion systems _ for 
commercial aircraft. Further, nuclear 
applications studies are being 
undertaken and these are just 
some of the most prominent of our 
current activities. All of this . . . plus 
a substantial employee benefit program 

. . gives the General Electric engineer 
the security he’s looking for, plus the 
opportunity to advance his professional 
talents and build his career. 


resume, or if you prefer, 
Address . . . 


Send us a 
phone us collect. 


Mr. J. A. McGovern 
Professional Placement 
JET ENGINE DEPT. 
BUILDING _501 
ROOM, A-72 
POplar 1-1100 


GENERAL (Q) ELECTRIC 


CINCINNATI 15, OHIO 
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Psychological Consequences of Space 
Travel, by E. Jack Wilcox, J. Brit. Inter- 
plan. Soc., vol. 16, Jan-March 1957, 
pp. 7-10. 

Observations of Artificial Satellites—2, 
by J. Humphries, J. Brit. Interplan. Soc., 
vol. 16, Jan.—March 1957, pp. 57-58. 


The Conquest of the Moon, by Erik 
Bergaust, Missiles and Rockets, vol. 11, 
March 1957, pp. 82-83, 85-86. 

Man’s Adaptation to Increasing Altitude, 
by John R. Poppen, SAE J., vol. 65, 
March 1957, pp. 65-67. 

Space Power, by Donald Cox, Missiles 
and Rockets, vol. 2, Apr. 1957, pp. 65-69. 

Current Status of the U. S. Earth 
Satellite Program for the International 
Geophysical Year, by R. W. Porter, 
Inst. Aeron. Sci., Prep. 726, Jan. 1957, 
21 pp., 10 figs. 

Bridging of Interstellar Distances, |v 
W. Peschka, Astro. Acta, vol. 2, no. 4, 
1956, pp. 191-200 (in German). 

Space Law-—-Basic Concepts, by Andrew 
G. Haley, Tennessee Law Rev., vol. 24, 
June 1956. 


Astrophysics, Aerophysics 


Solar Radiation and Atmospheric At- 
tentuation at 6-Millimeter Wavelength, 
by Robert N. Whitehurst, Jack Copeland 
and F. H. Mitchell, J. Appl. Phys., 
vol. 28, March 1957, pp. 295-298. 

Exploration of the Upper Atmosphere 
in France and Abroad, by EK. Vassy, 
Fusées et Recherche Aéronautique, vol. 1, 
June 1956, pp. 13-16 (in French). 

Impact Zones for Solar Cosmic-Ray 
Particles, by R. Liist, Phys. Rev., vol. 105, 
Mar. 15, 1957, pp. 1827-1839. 

Mass Measurements of Slow Cosmic- 
Ray Mesons, by M. Inoki, T. Yasaki, M. 
Machida and Y. Matsukawa, Phys. Rev., 
vol. 105, Mar. 15, 1957, pp. 1872-1874. 

Astronomical Time, by G. M. Clemence, 
Reviews Mod. Phys., vol. 29, Jan. 1957, 
pp. 2-8. 

Shifting of the Earth’s Axis of Rotation, 
by David R. Inglis, Reviews Mod. Phys., 
vol. 29, Jan. 1957, pp. 9-19. 

Solar, Geomagnetic and Ionospheric 
Phenomena as Indices of Solar Activity, 
by Frederick W. Ward Jr., AF Cambridge 
lees. Center, Geophysics Res. Directorate, 
Geophysical Res. Pap. 54 (TR-56-213; 
ASTIA AD 110221), Nov. 1956, 76 pp. 

Photographic Proof of a Star Structure 
in the Cosmic Rays Near the Earth, by 
W. Strubell, Astro. Acta, vol. 2, no. 4, 
1956, pp. 201-202 (in German). 


Nuclear Propulsion 


Nuclear Thermodynamic Rockets, by 
Irene Sanger-Bredt, Fusées et Recherche 
Aéronautique, vol. 1, no. 2, Oct. 1956, 
pp. 111-113 (in French). 

Atomic Energy and Reaction Propulsion, 
bv Albert Ducroeq, Fusées et Recherche 
Aéronautique, vol. 1, no. 3, Dec. 1956, 
pp. 213-217 (in French). 

Flight Mechanics of Photon Rockets, 
by Eugen Sanger, Fusées et Récherche 
Aéronautique, vol. 1, no. 3, Dec. 1956, 
pp. 253-259 (in French). 

Steady Nuclear Combustion in Rockets 
(Stationire Kerverbrennung in Raketen), 
by E. Sanger, NACA TM 1405, April 
1957, 39 pp. (Translation from Astro. 
Acta, vol. 1, pt. 2, 1955, pp. 61-88. ) 

Designing Electronics to Resist Nuclear 
Energy, by Harvey L. Morgan, Electronics 
vol. 30, May 1957, pp. 155-159. 
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| DATA PROCESSING SPECIALISTS! 


| Get in now —at the beginning 
of the new era in missiles! 


When you join Telecomputing’s 
Engineering Services Division, 
you will be given full scope to 
allow you to grow. .. your talents 
will be used to the fullest... 
recognition and rewards will be 
yours as a matter of course. 
Engineering services is a mem- 
ber of an integrated five-com- 
pany missile systems corporation 
which designs and manufactures 
its own data-processing equip- 
ment. Our efforts are directed to- 
ward the ‘‘systems concept.”” We 
are engaged in the reduction of 
large amounts of flight test data 
being generated by the daily mis- 
sile firings on the integrated Hol- 
loman-White Sands range. 


ATTRACTIVE SALARIES 
PROFIT SHARING 


RELOCATION PAY 

ACCREDITED EDUCATION | 
GROUP INSURANCE 


A NEW LIFE IN NEW MEXICO'S 
FABULOUS “LAND OF ENCHANTMENT” 


MOUNTAIN SKIING AND DESERT 
RESORTS WITHIN 30 MINUTES! 
A WONDERFUL PLACE 
TO MAKE YOUR HOME — 
GRAND COUNTRY TO RAISE KIDS! 


Send resume to Director of Technical Personnel 


| TELECOMPUTING CORPORATION 
Engineering Services Division 
BOX 447 * HOLLOMAN AIR FORCE BASE + NEW MEXICO 


NORTHAM 


HIGH RANGE 
PRESSURE 
TRANSDUCER 


Length: Weight 
24,” 12 oz 
A variable inductance instrument 


for the measurement of steady state 
and transient pressures in rocket and 
engine testing, hydraulics research, 
and other applications involving high 
pressure measurement and control. 
The pressure sensing diaphragm is 
integral with the body, providing 
high resistance to shock and vibra- 
tion. There are no other moving ele- 
ments. May be worked with non- 
corrosive liquids and gases. 


MODEL GP-8 SPECIFICATIONS: 


| Pressure Ranges:...... 0-200 to 0-5,000 psig 
| Maximum Allowable Pressure:...Twice rated 
pressure range 

+ 1% full scale 


Natural Frequency: From 2,000 cps to 10,000 
cps depending on range 
Acceleration Response: Less than 1%/1,000 
g along most sensitive axis 
(range above 1,000 psi) 
less than 1%/1,000 g axial 
(all ranges) 

WRITE FOR BULLETIN NO. JP-8 
Northam Engineering Facilities Are Available 
To Assist You With Any Application Problems. 
NORTHAM PRODUCTS INCLUDE... 
Transducers for pressure, acceleration and 
displacement measurement and auxiliary 
electronic equipment for complete systems. 


NORTH AMERICAN INSTRUMENTS, INC. 


2420 North Lake Avenue * Altadena, Calif. 


An Important 
Opportunity for the 


SENIOR 
SPECIFICATION 
ENGINEER 
ICBM and IRBM 


This position involves directing the 
development of complete weapon 
system specifications at the policy 
level. The specification program 
will incorporate propulsion, 

air frame, guidance and 

warhead requirements at levels 
ranging from top specifications 

to detailed component and 
sub-system specifications. 


This activity is an important aspect 
of Ramo-Wooldridge’s over-a'l 
systems engineering and technical 
direction responsibility for the Air 
Force Ballistic Missile program. 


Please address inquiries 

regarding this technical 

management position to: 
Mr. W. J. Coster 


The Ramo-Wooldridge 
Corporation 


5730 ARBOR VITAE STREET 
LOS ANGELES 45, CALIFORNIA 
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OMPEESIOR 
BLEED 


2 q Device for thrust spoiling and thrust re- 
versal (2,791,088). Gadicheria V. R. 
Rao, Cincinnati, Ohio, assignor to General 
Klectric Co. 

Boundary layer control consisting of 
an annular chamber surrounding the ex- 
haust nozzle and openings for injecting air 
into the first stage of guide vanes to induce 
part of the exhaust gases to flow through 
the vanes. Lateral air injection cooperat- 
ing with the boundary layer control de- 
flects the gases into the vanes to produce 
reverse thrust. 

Rocket igniter (2,791,962). 

Paris, France, assignor to 

S.E.R.A.M. 

d Closure box 

charge, including a cup-shaped member 

; with laterally extending U-shaped flange 
f 


Paul J. Terce, 
Society 


containing the igniting 


means closing the membe~ and abutting 
ngainst the wall of the rocket motor. 
_ The bottom wall of the member has per- 
— equidistantly spaced from the 
bottom wall and directed toward the 
3 charge. 
Rocket launcher [design] (180,087). 
Robert F. Keuper, San Pedro, Calif. 
Ornamental design of six-sided container 
with a sharklike nose, for carrying under 
the wing of an aircraft. 


—__ 


Missile launcher (2,792,757). Robert E. 
Carlberg, Frank W. Sieve and Rocco De 
Masi, Arlington, Va. 

Automatic missile loading and launcher 
having a trainable mount with a guide for 

directing the initial flight of the missile. 
A hoist moves each missile in a vertical 
straight-line path into the guide. 
Multi-cellular rocket package (2,792,962). 
Ernest H. Granfelt, oe V. alley, 
Pa., assignor to the U.S. N avy. 

Lightw eight high strength container and 
support for rockets. Polygonal hollow 
members open at both ends, consisting of 
thin sheet material, are grouped i in a eylin- 
drical cluster. 


= 


Jet pipe and jet deflecting nozzle device 
for a jet-propelled aircraft (2,791,089). 
Norman A. Dimmock, Woking, England, 
assignor to Power Jets (Research and 
Development) Ltd. 

Top and bottom walls and side plates 
constituting a jet pipe. A nozzle wall is 
connected to the rear of the jet-pipe wall 
by hinges and slides linking together the 
two nozzle walls and constraining them to 
make corresponding angular movements. 
Improved cooling and lubricating arrange- 
ment for bearings of a gas turbine engine 
(2,791,090). Stanley G. Hooker, Falfield, 
England, assignor to The Bristo] Aero- 
plane Co., Ltd. 

Liquid lubricant is supplied to flood the 
bearing chambers. Air is supplied to the 
chambers at a temperature lower than that 
of the air discharged from the compressor, 
and at a pressure higher than the lubricant. 


2,793,492 


Rocket assembly (2,793,492). Bruce H. 
Sage and Kenneth H. Rolinson, Pasadena, 
Calif., assignors to the U.S. Navy. 

Flexible element for sealing a rocket 
nozzle. The element has a reduced neck 
and an enlarged body wedged into the 
exhaust port. The neck has an opening 
for passing and positioning an ignition 
cable in the nozzle. 

Pulse jet heating burner control system 
(2,791,271). Theodore John Kauffeld, 
Convent, N. J. 

‘Electrical preheater for a burner at 
starting. A primer injects fuel into the 
burner controlled by a time delay relay 
responsive to current in a circuit connect- 
ing the preheater to the power source. 
Variable area nozzle for jet propulsion 
engine (2,791,882). Robert ‘G. Willard, 
Wilkensburg, Pa., assignor to Westing- 
house Electric Corp. 

Circumferentially arranged elongated 
plates slidably mounted side by side on 
longitudinal tracks. Plates are inter- 
leaved to conform to the contour of the 
converging part of the discharge nozzle. 
Shifting the plates partly into or out of 
the nozzle opening varies the flow area. 
hig system (2,791,883). George 

Moore and Frederic M. Cooper, Al- 
bany, N. Y., assignors to General Electric 
Co. 

Fuel chamber in a rocket having solid 
fuel containing a hollow passage and a 
hydrogen peroxide decomposer chamber. 
Means are provided for contacting the fuel 
with the decomposition products of the 
peroxide. 

Rocket projector (2,791,941). Chas. C. 
Lauritsen, Pasadena, Calif., assignor to 
the U.S. Navy. 

Supporting guide with slits to accommo- 
date an electrical contact engageable for 
energizing the rocket. A blast deflector 


George F. McLaughlin, Contributor 


plate having an inclined rear end diverging. 
upwardly from the guide deflects blasts 
from the rockets. 

Rocket tube muzzle door (2,792,754). 
Howard M. Walker, Torrance, Calif., 
assignor to Northrop Aircraft, Inc. 

Launching tube in an aircraft. Parts o! 
the leading edge directly ahead of the tube 
are set at an acute angle with respect t¢ 
the axis of the tube. As the rocket i- 
fired, a cover opens to permit free forwarc 
course for the rocket, after which the cove: 
closes. 

High speed launching device (2,792,755) 
Reinhard N. Lahde, Camarillo, Calif., as- 
signor to the U.S. Navy. 

Missile launcher with a cylinder closed 

at both ends, and having a longitudinal 
slot aligned with a tow fitting secured to 2 
piston. As the piston moves in the cylin- 
der, a sealing means is successively forced 
out of and back into engagement with the 
inner surface of the cylinder. 
Fin arrangement for projectile (2,- 
793,591). J. R. Jasse, Paris, France, as- 
signor to Societe Nouville des Etablisse- 
ments Brandt. 

Pivotal fins having the general shape ol 

the segment of a cylinder. They overlap 
one another in their inoperative position 
closed against a support fixed to the rear 
of the projectile. 
Amphibious aircraft and elements thereof 
(2,793,827). Rudy F. Ries and Wm. R 
Ryan, Riverside, Conn., assignors to Mdo 
Corp. 

Jet aircraft with a single main ski and 
steerable tail ski in tandem. Universall 
pivotable flexible wingtip skis hold the 
plane on an even keel when taxiing on ice, 
snow or other slippery surfaces. 

Helicopter rotor ram jet drive (2,795,283 ). 
Edward L. Bennett, Palo Alto, Calif., as- 
signor to Hiller Helicopters. 

A by-pass valve in the line to the fuel 
supply. A spring urges closure away from 
the valve seat and inwardly relative to the 
rotor blade. Upon starting the engine and 
rotating the blade, the closure is centrifu- 
gally urged against the seat. a 


Aircraft Edgar 


(180,297). 
Schmued and Welko E. Gasich, Los Ange- 


design 


les, Calif., 
Inc. 

Delta-wing jet aircraft with engine in- 
take under the fuselage, aft of the retract- 
able nose wheel. 


assignors to Northrop Aircraft, 


Epitors Note: 


may be obtained from the Commissioner of Patents, Washington 25, D. C., at 2 cost of 25 cents each; 


Patents listed above were selected from the Official Gazette of the U. S. Patent Office. 


Printed copies of Patents 
design patents, 10 cents. 
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You a Ros | 
As prime producers of unsym-Dimethylhydrazine . . . 
under the tradename DIMAZINE .. . Westvaco has compiled 


and kept up-to-date all the data you need on the storage 
and handling of this advanced rocket fuel. 


The third edition of this useful book is just off the press and — 
available now. For your copy, return the coupon below. 


DIMAZINE is Westvaco’s trademark for unsym-Dimethylhydrazine 


Gentlemen: Please forward a copy of your. book, 
Storage and Handling of Dimazine. 


NAME 
TITLE 
COMPANY. 
ADDRESS 


Westvaco Chlor-Aikali Division 


FOOD MACHINERY AND CHEMICAL CORPORATION 


2 161 East 42nd Street, New York 17, New York 
BEcCcO® peroxygen chemicals FAIRFIELD® pesticide compounds « Fmc® organic chemicais NIAGARA® i i i and 
industrial suiphur - OHIO- APEx® plasticizers and resins + westvaco® alkalis, solvents, phosphates, barium and magnesium | chemicais 
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Rocket Logic in Retrospect 


Oliver Wendell Holmes never dreamed of 
intercontinental missiles or thermal thickets 
when he penned “‘The Wonderful One-Hoss 
Shay’. Yet, a hundred years later, no 
sounder logic exists for the designer of 
rocket cases. In the ideal rocket design, 
where a pound less weight can mean miles 
more distance, all sections should be ex- 
actly of identical strength. No part should 
be one iota stronger or weaker than the rest. 

Fulfilling Dr. Holmes’ ‘‘picture of the im- 
possible’ to the ultimate degree has been 
M. W. Kellogg’s aim from the time it began 
designing and fabricating rocket cases for 
the Navy Department in 1951. Since then 
the company has continued to participate 
in the research, development, and produc- 
tion of a wide range of missile and rocket 
propulsion systems. 

Organizations interested in putting the 
Kellogg team to work on their specific rocket 
problems are invited to write. 


ow in building of chaises, T tell you wha 

here is always somewhere'a weakest spot, 

» hub, tire, felloe, in spring or thill, 

n panel, or erassbar, or floor, or sill, 

bolt, thoroughbrace, — lurkin 
still, 

‘ind it somewhere you must and will, — 
Above or below, or within or without, — 
nd that ’s the reason, beyond a doubt, 
hat a chaise breaks down, but doest 


ut the Deacon swore (as Deacons do, 
ith an “ [dew vum,” or an “ I tell yeou” 
e would build one shay to beat the taov 
* the keounty ’n’ all the kentry raoun’; 
should be so built that it could n’ brea 
daown: 
Fur,” said the Deacon, “ ’t’s mighty plain 
ut the weakes’ place mus’ stan’ the 

strain; 
V’ the way t’ fix it, uz I maintain, 
Is only jest 
” make that place uz strong uz the rest.” 


Deacon inquiry the village folk 
he could fing pat, oak, 


a7 JO 


DEFENSE PRODUCTS DIVISION 
THE M. W. KELLOGG COMPANY 


711 THIRD AVENUE, NEW YORK 17, N. Y. 
A SUBSIDIARY OF PULLMAN INCORPORATED 


The Canadian Kellogg Company Limited, Toronto « Kellogg International Corporation, London 
Companhia Kellogg Brasileira, Rio de Janeiro « Compania Kellogg de Venezuela, Caracas 
me, Kellogg Pan American Corporation, New York « Societe Kellogg, Paris 


4 
1957 


: 
an 
4. 
= 
- 


WRITE FOR 
ARNOUX 
BULLETIN 700 


kind. 


. TELEMETRY 


— 


~ 
4 


Model ETC-30-10-P.A.M.-1 
30 Channels — 10 Samples /Sec. 


Directly replaces mechanical commutators in 0-3 Volt and 0-5 Volt airborne _ 
telemeter applications. 
Available in all standard sampling rates required for P.A.M. and P.D.M. 
commutated systems. 

Meets all 1.R.1.G. requirements, exceeds MIL E-5272A specification. 

Errors due to drift, cross-talk and non-linearity less than 0.50 percent under 
MIL E-5272A environment. 

Noise-free operation assured for thousands of hours without maintenance. 
Twenty-Seven (27) information channels, plus Master pulse. yrs 
Unique limiting feature eliminates need for limiters elsewhere in system. _ 
Power Requirement: 150V DC at 12 ma. 
Size: 3‘ diameter x 5" long. 

Weight: Less than 2 pounds 

Extreme reliability is achieved through use of a simplified counter circuit 
in conjunction with an advanced-design silicon diode switching matrix. 
Design life expectancy is at least 5000 hours without maintenance of any 
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be boosted to orbit by a rocket vehicle—the second stage powered 
by unsym-Dimethylhydrazine. 


DIMAZINE, Westvaco’s brand of unsym-Dimethylhydrazine is one 
of the significant achievements of our new product research programs. 


is focused upon new applications of our basic chemicals that will 
benefit industry and advance the national welfare. 


Westvaco Ch 


161 East 42nd Street, New York 17, New York 


BECCO™ peroxygen chemicals FAIRFIELD" pesticide compounds « Organic chemicais NIAGARA" insecticides, fungicides and 
industrial sutpnur « OHIO-APEX"™ plasticizers and resins + WESTVACO™ alkalis. solvents, phospnates, barium and magnesium chemicals 


*Trademark 
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1949—Theodore von Karman 


1950—Calvin M. Bolster 
Louis Dunn 
G. Edward Pendray sit 
Fritz Zwicky 
M. J. Zucrow 


Benjamin H. Coffman, Jr. 
Edwin H. Hull 

Chandler C. Ross 

H. N. Toftoy 


1952—William L. Gore 
John Sloop 
Wernher von Braun 
Weldon Worth 
Roy Marquardt 


ROBERT H. GODDARD MEMORIAL AWARD 
for outstanding work in liquid propellants. 


1948—John Shesta 
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1950—Lovell Lawrence, Jr. 
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1952—Richard W. Porter 
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1952—A. L. Antonio 


1953—Charles E. Bartley 
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President: Charles H. King, Jr. 
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Benjamin Dunn 
Robert L. Mitton 
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Treasurer: Joseph A. Bedinger 


Board of Directors: 


John P. Stapp 
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M. Bernard D. Gildenberg 
James S. Hanrahan 


President: W. H. Munyon 
Vice President: D. L. Crabtree 
Secretary: D. Emmons 
Treasurer: L. Richards 


Board of Directors: 


R. K. Rose 
R. L. Glick 
R. M. Shiewe 
P. M. Diamond 
D. G. Elliot 
M. J. Zucrow 


President: Andrew W. McCourt 
Vice President: Samuel Fradin 
Secretary: Walter J. Crotty, Jr. 
Acting Treasurer: Samuel Fradin 


Board of Directors: 


Ivan E. Tuhy 
Milton Rogers 
Sears Williams 
Irwin R. Barr 
George W. Lescher 


President: Roy Jackson 
Vice President: Franklyn H. Brady 
Secretary: Marion B. Stults 

Treasurer: Walter H. Sullivan 


Board of Directors: 


President: Erik Bergaust 

Vice President: Robert L. Hirsch 
Secretary: C. Lincoln Jewett 
Treasurer: William R. Schindler 


Board of Directors: 


Robert J. Censak Robert C. Baumann 
Jerry S. Fogel A. G. Hale’ 

Harold E. Hunt Colin M. Hudson 
George Semeniuk A. C. Scurloch 
Manley L. Storlee Capt. Alfred Metsger 
Lloyd R. Wadekamper H. L. Darris 


William G. Winchester 


¥, 
| } 
i¥ 
4 
yne au 
| 
| 


New England ss North Texas 
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ACF Industries, Inc. 
Accessory Products Corporation 
Aerojet-General Corporation 
Aerophysics Development Corporation — 
Air Products, Incorporated ; 
Alco Products, Incorporated 

Allied Research Associates, Incorporated 
American Machine and Foundry Company y = 


American Potash and Chemical Corporation 


Arma Division, American Bosch Arma Corporation 


Atlantic Research Corporation 4 
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Beech Aircraft Corporation 


Bell Aircraft Corporation 
Bell Telephone Laboratories, Incorporated _ 
Bendix Aviation Corporation — 


Products Division, Missiles Section 
Boeing Airplane Company ~ 
Brush Electronics Company 


Callery Chemical Company » 
Carbide and Carbon Chemicals Company 
Carborundum Company 

Chance Vought Aircraft, Incorporated = 
Chrysler Corporation—Missile Operations 
Consolidated Electrodynamics Corporation 
Continental Aviation and Engineering Corporation 
Cooper Development Corporation 
Cornell Aeronautical Laboratory 
Curtiss-Wright Corporation 
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Electro-Mechanical Products Company 
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General Electric Company 
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Lockheed Aircraft Corporation 
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Consolidated Western Steel Division 


Varian Associates 
H. A. Wagner Company 


Western Gear Works 
Westinghouse Electric Corporation 
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AARON, ROBERT H., (m) Vice Pres., Engr., G. O. Noville & Associates, 
Inc., 1666—9th St., Santa Monica, Calif. Home: 3324 Colby 
Ave., Los Angeles 66, Calif. (PC, SP) 

ABBOTT, GEORGE E., (s) Home: 1608 Ferndale Place, Ann Arbor, 
Mich. 

ABBOTT, C. WEBSTER, (a) Citizens Fidelity Bank & Trust Co., Louis- 
ville 1, Kentucky. Home: 515 Club Lane, Louisville 7, Ky. (SP) 


ABERG, JOHN O., (m) Supervisory Aeronautical Res. Engr., Struc- 
tures & Mechanics Laboratory, Army Ballistic Missile Agency, 
Huntsville, Alabama. Home: 216 Parklane Ave., Huntsville, Ala. 
(SR, SP) 

ABLOW, CLARENCE M., (m) Mathematician, Egng. Dept., Stanford 
Research Institute, Menlo Park, Calif. Home: 305 Malcolm Ave., 
Belmont, Calif. (PC) 

ABRAMOSKI, JAMES W., (m) Res. Engr., Missile Systems Div., Lock- 
heed Aircraft Corp., Woodley Ave., Van Nuys, Calif. Home: 7349 
Milwood Ave., Canoga Park, Calif. (LR, SR) 

ABRAMS, LAWRENCE D., (m) Sr. Engr. Fluid Systems, Power Plant, 
Northrop Aircraft Co., Northrop Field, Hawthorne, Calif. Home: 
532 N. Sycamore, Los Angeles 36, Calif. (LR, SR) 

ABRAMSON, BERTRAM N., (m) Tech. Staff, Guided Missile Res. Div., 
The Ramo-Wooldridge Corporation, 5730 Arbor Vitae St., Los 
Angeles 45, Calif. Home: 1742 4th Street, San Pedro, Calif. 
(LR, PC) 

ACHUFF, FRANK W., (a) Tool Designer, Rohr Aircraft Corp., foot of 
“H” St., Chula Vista, Calif. Home: 105 Palm Ave., Imperial 
Beach, Calif. (PC, SP) 

ACKERMAN, ANTHONY T., (m) Development Engr., Ramjet Develop- 
ment Dept., Curtiss-Wright Corp., Wood Ridge, N. J. Home: 
290B Grove St., Lodi, N. J. (SP, R) 

ACKERMAN, DONALD I., (a) U. S. Air Force, Quality Control Rep., 
Hughes Aircraft Company, El Segundo, Calif. Home: 5110 Cadi- 
son St., Torrance, Calif. (IG) 

ACKERMAN, ROBERT W., (s) Stevens Institute of Technology, Ho- 
boken, N. J. Home: 209 Spring St., Passaic, N. J. 

ACKLES, RONALD DEE JR., (s) University of Michigan, 1319 Hill 
St., Ann Arbor, Mich. Home: 1814 Union St., Port Huron, Mich. 
(SP, PC) 

ACURIO, JOHN, (a) Res. Engr. ‘B’’ Engrng. Dept., Boeing Airplane 
Company, Seattle 4, Wash. Home: 14434—24th Ave. S.W., Se- 
attle 66, Wash. ; 

ACURSO, LOUIS A., (m) Gen. Super Engrng., Lynwood Works, West- 
ern Gear Corp., 2600 E. Imperial Hwy., Lynwood, Calif. Home: 
4233 Alvada, Compton, Calif. (IG, SP) 

ADAIR, GEORGE P., (m) Sr. Partner, Chief Engr., George P. Adair 
Engng. Co., 1610 Eye St., N.W., Wash., D.C. Home: 4100 Rock- 
ville-Norbeck Road, Manor Club, Rockville, Md. 


ADAMOWICZ, CHARLES M., (m) Senior Res. Engr., Mechanical En- 
gineering Div., Chicago Midway Laboratories, 6220 S. Drexel 
Ave., Chicago 37, Ill. Home: 5547 Peck Ave., La Grange, Ill. 
(SP, PC) 

ADAMS, CARSBIE C., (m) President, National Research & Develop- 
ment Corp., 41 Peachtree Place, N.E., Atlanta 9, Ga. Home: 219 
Little John Trail, N.E., Atlanta 9, Ga. (SP) 

ADAMS, EDWARD W., (s) Indiana Technical College, 221 E. Wash- 
ington, Fort Wayne, Ind. Home: 1522 Maumee Ave., Fort Wayne, 
Ind. 

ADAMS, HEBRON E., (m) Operations Analyst, The Johns Hopkins 
University, Operations Research Office, 7100 Connecticut Ave., 
Washington 15, D. C. Home: 5609 Chevy Chase Parkway, Wash- 
ington 15, D. C. (SP) 

ADAMS, JOHN L., (m) Development Engr. ‘‘A’’, Aerojet General Corp., 
Sacramento, Calif. Home: 178 Price Way, Folsom, Calif. (SP, SR) 

ADAMS, LAURENCE J., (m) Group Engr., The Martin Company, Box 
179, Denver 1, Colo. Home: 6295 Crestview Ave., Littleton, Colo. 

ADAMS, LLOYD, (a) Chief Engr., Traid Corporation, 17136 Ventura 
Bivd., Encino, Calif. Home: 9929 Wealtha, Sun Valley, Calif. 

ADAMS, MAC C., (m) Deputy Dir., Avco Research Lab., Research and 
Advanced Development Div., Avco Manufacturing Corp., Everett, 
Mass. Home: 20 Henry St., Winchester, Mass. 

ADAMS, ROBERT F., (m) Guided Missiles Staff Officer, Headquarters 
Army Antiaircraft Command, ENT Air Force Base, Colorado 
Springs, Colo. Home: 614 Ash St., Moscow, Idaho. (SP, RJ) 

ADAMS, ROSE A., (m) Prod. Mgr., Lynch, Hart & Stoukton Adver- 
tising Co., 25 South Bemiston, Clayton 5, Mo. Home: 7365 West- 
moreland Dr., St. Louis 5, Mo. 


7 ADAMSON, ARTHUR P., (m) AGT Div., General Electric Co., Schenec- 


tady, N. Y. Home: 410 Terrace Rd., Schenectady 6, N.Y. (LR, PC) — 

ADAMSON, THOMAS C., JR., (m) Asst. Prof., Aero Eng. Dept., Uni- — 
versity of Michigan, Ann Arbor, Mich. Home: 1826 Weldon Bivd., 
Ann Arbor, Mich. (PC, RJ) 

ADELMAN, BARNET R., (m) Chief Proj. Engr., Rocket Engines and 
Vehicles, Guided Missile Research Div., Ramo-Wooldridge Corp., 
Los Angeles, Calif. Home: 5157 Brea Crest Dr., Los Angeles 43, 
Calif. (LR, SR) 

ADER, WILLIAM J., (s) M/Sgt. USAF, Rocket Branch Inspection, Hq. 
Sq. Sec. AFFTC Box 452E, Edwards AFB, Calif. 

ADERTON, THOMAS R., (m) Installation Engr., Aero Engineering 
Company, Div. of The Garrett Corp., 220 Old County Rd., Min- 
eola, N. Y. Home: Rte. 3, Box 715, Edgewater, Md. 

ADKINS, HAROLD T., (m) Asst. Chief Engr., Utica-Bend Corp., 50500 
Mound Rd., Utica, Mich. Home: 22500 Alexander St., Clair 
Shores, Mich. (1G, SP) 

ADLER, LEONARD B., (s) Res. Assist., Chemical Engineering Dept., 
Syracuse University, D-2 Collendale Campus, Syracuse 10, N. Y. 
Home: 12 Grant Street, Pleasantville, N. Y. (LR, PC) 

AFFIAS, IRVING M., (m) Chief Engr. & Co-Owner, Neptune Electronics 
Co., 30 West 15th St., N. Y. 11, N. Y. Home: 708 Carlyle Ave., 
Franklin Sq., N. Y. (IG, SP) 

AFFRUNTI, ANDREW A., (m) Res. Engr., Chicago Midway Labora- 
tories, 6220 S. Drexel, Chicago 37, Ill. Home: 743 S. Kenneth 
Ave., Chicago 24, Ill. (SP, SR) 

AFRICANO, ALFRED, (m) Head, Power Plant Design Dept., Missile 
Operations, Chrysler Corporation, Box 2628, Detroit 31, Mich. 
Home: 273 Euclid Ave., Birmingham, Mich. (LR, SR) 

AGNE, DONALD A,., (s) Cartographic Draftsman, Aeronautical Chart 
& Information Center, 2nd and Arsenal, St. Louis, Mo. Home: 
607 E. McKinley St., Belleville, Ill. 

AGNEW, JOHN T., (m) Prof., Mech. Engrng., Purdue University, 
West Lafayette, Ind. Home: 1704 Summit Dr., West Lafayette, 
Ind. 

AGOSTA, VITO D., (m) Assoc. Prof. Mech. Engng., Polytechnic Inst. of 
Brooklyn, Brooklyn, N. Y. Home: 324 Taft Road, River Edge, 
N. J. (PC, RJ) 

AGUIAR, ADAM M., (s) Columbia University, New York, N. Y. Home: 
275 Renner Ave., Newark, N. J. (LR, PC) 

AGULIA, RICHARD S., (m) Supervisor Performance Analysis, Rocket- 
dyne, A Division of North American Aviation, Inc., Canoga Pk., 
Calif. Home: Santa Rita St., Tarzana, Calif. (IG, LR) 

AHERN, ROBERT S., (m) Res. Specialist Guided Missile Systems Div., 
Lockheed Aircraft Corporation, Sunnyvale, Calif. Home: 331 Hig- 
don Ave., Mountain View, Calif. (SR) 

AHRENS, DONALD J., (m) Project Engr., Cessna Aircraft Co., Pawnee 
Plant, Wichita, Kan. Home: 1138 Inverness Dr., Wichita 18, Kan. 

AITKEN, ADRIEN J., (s) 2nd Lt., Ord. Corps, USAR. Home: 250 Manor 
Dr., Mill Valley, Calif. (SP, LR) 

AJEMIAN, BERGE J., (s) The Ohio State University, Baker Hall, Box 
2120, Columbus 10, O. Home: 3263 White Plains Ave., New York 
67, N. Y. (SP) 

AJLUNI, NASIF FRED., (m) Proj. Engr., Missile Operations Elect. De- 
sign, Chrysler Corp., Van Dyke at 16 Mile, Detroit, Mich. Home: 
3861 Hillside Ct., Royal Oak, Mich. (IG, SP) 

AKKERON, LUDWIG F., (m) Chief Chemist, Research, The Meyercord 
Company, 5339 W. Lake St., Chicago 44, Ill. Home: 4260 W. 
Deming PIl., Chicago 39, Ill. (IG, SP) 

ALASONATTI, MARIO, (a) Pres., Quinzio Rossi Co., Corso Vittorio 
Emanuele 22, Torino, Italy. Home: Corso Moncalieri 64, Torino, 
Italy. 

ALBANESE, PHILIP, (m) Supvr., Prelim. Design, Rocketdyne, A Divi- 
sion of North American Aviation, Inc., 6633 Canoga Ave., Canoga 
Park, Calif. Home: 15121 Dickens St., Sherman Oaks, Calif. 

ALBERT, ALLAN H., (m) Head Applied Mathematics, Missile Opera- 
tions, Chrysler Corp., P.O. Box 2628, Detroit 31, Mich. Home: 
49601 Shelby Rd., Utica, Mich. (IG, SP) 

ALBERTSON, BENJAMIN S., (a) U. S. Army, 54th Ord. Det. (E.0.D.) 
Explosive Ordnance Disposal, Ft. Totten, N. Y. 59, N. Y. 
Home: 112 W. 4th St., Lewes, Del. (SR, LR) 

ALBRIGHT, RALPH E., (m) Res. & Dev. Dept., Socony Mobil Oil Co., 
Paulsboro, N. J. Home: Mullica Hill, N. J. (LR, PC) 

ALDER, EUGENE V., (m) Engr.-Design, Combustion Devices, Rocket- 
dyne, A Division of North American Aviation Inc., 6633 Canoga 
Ave., Canoga Park, Calif. Home: 16239 Minnehaha St., Granada 
Hills, Calif. (SR, LR) 

ALDRED, ALFRED H., JR., (m) Test Engr., Rocketdyne, A Division of 
North American Aviation Inc., 318 W. Holmes, Huntsville, Ala. 
Home: 1218 N. 2nd St., Nashville 7, Tenn. (SP, LR) 
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ALDRICH, JOSEPH M., (m) Chief of Producibility Engng., Airframe 
Design Section, The Martin Co., Denver 1, Colo. Home: 6112 
S. Bannock St., Littleton, Colo. (SP, SR) 

ALEXANDER, W. R., (m) Chief Engr., Speco Div., Kelsey-Hayes Co., 
3600 Military Ave., Detroit 32, Mich. (JG, LR) 

ALLAN, WILLIAM S., (m) Project Engr., The Weatherhead Company, 
300 East 131st St., Cleveland 8, O. Home: 16224 Glynn Road, 
East Cleveland 12, Ohio. (IG, SR) 

ALLEN, FREDERICK H., (s) Polytechnic Inst. of Brooklyn, Brooklyn, 
N. Y. Home: 25 Summit Place, Glen Cove, N. Y. (SP) 

ALLEN, GEORGE T., (m) Proj. Engr., Guided Missiles Div., Republic 
Aviation Corp., Hicksville, N.Y. Home: 7 Meadowlark Lane, Hunt- 
ington, N. Y. (SP, IG) 

ALLEN, HAROLD F., (m) Executive Vice Pres., Res. and Develop., 
Jackson Vitrified China Company, Falls Creek, Pa. Home: RD 2, 
(Sabula), DuBois, Pa. (IG, RJ) 

ALLEN, HARRY J., (m) Chief of High Speed Aerodynamic Res. Div., 
Ames Aeronautical Lab, NACA, Moffett Field, Calif. Home: 769 
Melville Ave., Palo Alto, Calif. 

ALLEN, PAUL E., (m) Mgr. Quality Control & Customer Service, 
Beech Aircraft Corp., Wichita, Kan. Home: 5521 E. Orme, 
Wichita, Kan. (LR, PC) 

ALLEN, ROBERT W., (m) Design Engr., R and D, Jackson China Co., 
Falls Creek, Pa. Home: R.D. #2, DuBois, Pa. (SP, LR) 

ALLEN, THEODORE H., JR., (m) Supervisor of Fuels Storage and 
Transfer, Missile Propellants, Pan American World Airways, 
Patrick Air Force Base, Florida. Home: Route 1, Box 739, Eau 
Gallie, Florida. (PC, LR) 

ALLENSON, JAMES M., (a) Weight Computer, 706-1 Engineering, 
Convair-Astronautics, A Division of General Dynamics Corp., 
Pacific Hwy., San Diego, Calif. Home: 752 Cardi:, San Diego, 
14, Calif. 

ALLIN, KENNETH F., (s) New Mexico A & M, Box 661, State College, 
New Mexico. Home: 707 N. Pershing, Truth or Consequences, 
New Mexico. (SP, IG) 

ALTIERE, FRED J., (a) R & D Administrator, Fighter Aircraft Div., 
United States Air Force, W-PAFB, Dayton 3, O. Home: 1597 Sea- 
brook Rd., Dayton 3, O. 

ALTMAN, DAVID, (m) Head, Propulsion Dept., Aeronutronic Systems, 
Inc., 1234 Air Way, Glendale, Calif. Home: 2119 Rodney Dr., Los 
Angeles 27, Calif. (PC, SR) 

ALTMAN, JAMES H., (s) Parks College, East St. Louis, Ill. Home: 
6008 Rockmill Rd., Kansas City 10, Mo. 

ALVAREZ, RAOUL, (s) Academy of Aeronautics, LaGuardia Airport, 
N. Y. Home: 836 Crown St., Brooklyn, N. Y. 

AMAN, ARVIS A., (s) Parks College, E. St. Louis, Ill. Home: 510 
Washington St., Fairfield, Ill. (SP, SR) 

AMBROSE, GEORGE G., (m) Proj. Engr., Rocket Fuels Division, Phil- 
lips Petroleum Company, P.O. Box 548, McGregor, Texas. Home: 
2225 N. 44th St., Waco, Texas. (SR, IG) 

AMBROSIUS, EDWARD DICK, (m) Proj. Engr. and Project Administra- 
tor, Propellant Chemistry Branch, Explosives Division, Research 
and Development Dept., Olin Mathieson Chemical Corp., East 
Alton, Ill. Home: 104 Waverly Drive, Collinsville, Ill. (PC, SR) 


AMELL, RICHARD WM., (a) Rocket Power Plant Tech., Bell Test Cen- 
ter, Bell Aircraft Corp. Home: 5 Rosset Place, Tonawanda, 
N. Y. (SP, LR) 

AMES, CHARLES S., (m) Chief Proj. Engr., Convair Astronautics, A 
Division of General Dynamics Corp., San Diego, Calif. Home: 
P.O. Box 635, Rancho Santa Fe, Calif. (SP,LR) 

AMES, LIONEL E., JR., (m) Lt. U. S. Navy, Power Plants Officer, 
Fighter Squadron 122, VF-122 N.A.S. Miramar, San Diego 45, 
Calif. Home: 5006 August St., San Diego 10, Calif. (LR, RJ) 

AMMER, ROBERT C., (m) Rocket Test Engr., Bell Aircraft Corp., P.O. 
Box 1, Buffalo 5, N. Y. Home: 325 Claremont Ave., Buffalo 23, 
N. Y. 

AMREIN, JOSEPH, (m) Proj. Engr., Construction Div., Corps of En- 
gineers, U.S.A. East Ocean Dist., 346 Broadway, N. Y. C. Home: 
107 Main St., Nantucket, Mass. (IG, SP) 

AMUNDSEN, EINAR K., (a) Associate Engr., The Martin Co., Balti- 
more, Maryland. Home: 801 Brunswick Road, Baltimore 21, 
Maryland. (SP, LR) 

ANASTOS, PHILIP M., (s) Lehigh University, Bethlehem, Penn. Home: 
4154+ San Jacinto, Houston, Texas. (SP, LR) 

ANDERSON, ARTHUR R., (m) Sr. Engr., Cook Research Laboratories, 
6401 Oakton, Morton Grove, Ill. Home: 1046 Huber Lane, Glen- 
view, Ohio. (RJ, LR) 

ANDERSON, BENJAMIN L., JR., (s) Purdue University, West Lafay- 
ette, Ind. Home: 124 Marstellar St., West Lafayette, Ind. 
ANDERSON, BERT J., (m) Proj. Engr., Liquid Rocket Plant, Aerojet- 
General Corp., P.O. Box 1947, Sacramento, Calif. Home: 3020 

El Prado Way, Sacramento, Calif. (LR, SP) 

ANDERSON, CARL A., (m) Capt. USAF, Air Force Institute of Tech., 
Wright-Patterson AFB, Ohio. Home: Box 126, Washington Depot, 
Conn. (SP, IG) 

ANDERSON, DALE A., (s) Parks College, E. St. Louis, Ill. 
R.F.D. 2, Alta, towa. (SP, LR) 


Home: 


ANDERSON, EARL B., (m) Proj. Engr., Engineering Div., Grand Cen- 
tral Rocket Co., P.O. Box 111, Redlands, Calif. Home: 635 
Orchard Dr., Redlands, Calif. (SR, PC) 

ANDERSON, ELMER C., (a) Chief (USAF) Electronics Manufacturing 
Hughes Aircraft Co., El Segundo, Calif. Home: 2012 W. Rosita 
Ave., Burbank, Calif. (SP, 1G) 

ANDERSON, FRANK M., (m) Test Engineer “B” Field Test Opera- 
tions, Convair Astronautics, A Division of General Dynamics 
Corp., San Diego, Calif. Home: 3284 Bayside Walk, San Diego 8, 
Calif. (SP, LR) 

ANDERSON, FRANK P., (m) Chemist, Reaction Dept., Thiokol! Chemi- 
cal Corp., Huntsville, Ala. Home: P.O. Box 20, Fayetteville, Tenn. 
(PC) 

ANDERSON, GEORGE E., (m) Chief Tech. Engr., Orenda Engines Lim- 
ited, Box 4015, Terminal ‘“‘A’’, Toronto, Ontario, Canada. Home: 
682 Glengrove Ave., W. Toronto 10, Ontario, Canada. (RJ) 

ANDERSON, JOHN, (a) Partner, Mfg. of Electronic, Optic Components 
Alosta Engineering Co., 500 Duell St., Azusa, Calif. Home: 731 
Hyacinth St., West Covina, Calif. (IG, SP) 

ANDERSON, A. MARVIN, (m) Technical Staff, Hughes Aircraft Co., 
Florence & Teale Sts., Culver City, Calif. Home: 4526 Green Mea- 
dows Ave., Torrance, Calif. (SP, IG) 

ANDERSON, MILTON D., JR., (m) Engr., Thiokol Chemical Corpora- 
tion, Huntsville, Alabama. Home: 500 Locust St., Huntsville, 
Ala. (SR) 

ANDERSON, PAUL E., (m) Ch. Engr. Res. & Dev. Dept., Harvey Ma- 
chine Co. Inc., 19200 S. Western Ave., Torrance, Calif. Home: 
1729 Manuel Ave., Torrance, Calif. (LR, SR) 

ANDERSON, PHILIP N., (m) Structures Design Engr., Ramo-Wool- 
dridge Corp., 8820 Bellanca, Los Angeles 45, Calif. Home: 1170 
Fiske St., Pacific Palisades, Calif. (SP, LR) 

ANDERSON, ROBERT C., (m) Technical Staff, Aeronautical Res. & 
Develop., Ramo Wooldridge Corp., 5760 Arbor Vitae St., Los 
Angeles 45, Calif. Home: 2120 Via Pacheco, Palos Verdes Est., 
Calif. (SR, SP) 

ANDERSEN, STEPHEN F., JR., (s) Electronic Engr., Engng. Services 
Div., Naval Research Laboratory, Code 2393B, Washington 285, 
D. C. Home: 2707 Blueridge Ave., Silver Spring, Md. (SP, IG) 


ANDERSON, THOMAS P., (s) Res. Assist., Mechanical Engineering 
Department, Northwestern University, Evanston, Illinois. Home: 
928 Winona Street, Chicago 40, Illinois. (SP, PC) 

ANDERSON, WILLIAM G., (m) Head, Machine Des., Sec. B, NACA, 
Lewis Flight Prop. Labs., 21000 Brookpark Road, Cleveland 11, 
Ohio. Home: 5915 Thornton Dr., Parma, Ohio. (LR, PC) 

ANDERTON, DAVID A., (m) Asst. Managing Editor (Technical) Avia- 
tion Week, McGraw-Hill Publishing Co., 330 West 42nd Street, 
New York 36, N. Y. Home: Geneva, Switzerland. (RJ, LR) 

ANDRE, RICHARD L., (m) Flight Test Engr., Aircraft & Missiles, 
Convair, A Division of General Dynamics Corp., San Diego 12, 
Calif. Home: 3111 Cowley Way, No. 1, San Diego, Calif. 

ANDRE, RICHARD L., (m) Home: 731 Aledo Ave., Coral Gables, Fla. 

ANDREWS, ALLEN, (m) Asst. to the General Manager, Rocketdyne, 
A Division of North American Aviation Inc., 6633 Canoga Ave., 
Canoga Park, Calif. Home: 5047 Rigaletto St., Woodland Hills, 
Calif. (SR, LR) 

ANDREWS, ARTHUR L., (m) Engr., Missile, Douglas Aircraft Co., Inc., 
3000 Ocean Park Blvd., Santa Monica, Calif. Home: 760 S. Bar- 
rington Ave., Los Angeles 49, Calif. 

ANDREWS, ARTHUR R. R., (m) Sr. Ord. Engr., Charlotte Ord Missiles 
Plant, Charlotte, N. C.—Employed by Redstone Arsenal, Hunts- 
ville, Ala. Home: 1100 Ardsley Rd., Charlotte 7, N. C. (SR, LR) 

ANDREWS, JOHN F., (m) Res. Engr., Rocketdyne, A Division of North 
American Aviation, 6633 Canoga Ave., Canoga Park, Calif. Home: 
1038 S. Reisner, Indianapolis, Ind. (LR) 

ANGELL, PIERCE T., (m) Div. Mgr., Accessories Div., Thompson Prod- 
ucts, Inc., 23555 Euclid Ave., Cleveland 17, Ohio. Home: 3538 
Thornapple Lane, Chagrin Falls, Ohio. (LR) 

ANGELOS, MITCHELL G., (m) Sr. Mechnical Engr., Ordnance Dept., 
Aircraft Armaments, Inc., Cockeysville, Md. Home: 82 Yorkway, 
Dundalk 22, Md. (SR, SP) 

ANGST, WALTER, (m) Chief Engr., Kollsman Inst. Corp., 8008 45th 
Ave., Elmhurst, N. Y. Home: 1120 Shore Road, Douglaston 63, 
N. Y. 

ANKENEY, D. PHILIP, (a) Mech. Engr., Range Des. & Development 
Branch, Test Dept., USNOTS, China Lake, Code 3083, Michelson 
Lab., China Lake, Calif. Home: 531R Nimitz, China Lake, Calif. 


(SP, SR) 

ANNIS, PRINCE R., (m) Product Development, Electro-Snap Switch 
& Manufacturing Co., Chicago, Ill. Home: Box 109, Beach City, 
O. (IG, SP) 


ANSELM, R. HARVEY, (m) Proj. Engr., Missile Engineering Division, 
Beech Aircraft Corporation, Boulder Engineering Facility, P.O. 
Box 631, Boulder, Colorado. Home: 2801 Pennsylvania, Apt. 19, 
Boulder, Colo. Mail: P.O. Box 105, Boulder, Colo. (SP, SR) 

ANTHONY, ALASTAIR, (m) British Joint Services Mission, Ministry of 
Supply Staff, 1800 K St., N.W., Washington 6, D. C. Home: 2430 
Pennsylvania Ave. N.W., Washington, D. C. 
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ANTHONY, JULIAN C., (a) Commentator, News & Special Events, 
American Broadcasting—United Paramount, Inc., 7 West 66th 
St., N. Y. C. Home: 134 Cliff Ave., Pelham, N. Y. (SP) 

ANTONIADES, ARTHUR J., (m) Res. Engr., Hydraulics, North Ameri- 


can Aviation, Inc., International Airport, Los Angeles, Calif. 
Home: 13004 S. Manhattan Pl., Gardena, Calif. (SP, LR) 
ANTONIDES, J. W., (m) Executive Assist. to the Pres., Reaction 


Motors, Inc., Ford Rd., Denville, N. J. Home: 65 Lake Dr., Moun- 
tain Lakes, N. J. 

ANTONIO, ADOLPH L., (m) Gen. Mgr., Chemical Div., The General 
Tire & Rubber Co., 1725 Englewood Ave., Akron, Ohio. Home: 
1696 Tanglewood Dr., Akron, Ohio. (SR, PC) 

AOKI, KAZUHIKO, (s) University of Michigan, Ann Arbor, Mich. Home: 
702 S. Forest, Ann Arbor, Mich. 

APODACA, ALBERT R., (m) Sr. Engr., Aerojet-General Corp., Sacra- 
mento, Calif. Home: 4536 Surita, Sacramento, Calif. (SP, SR) 

APOLIS, JOHN J., (m) Design Engr., Project Dept., Aerojet-General 
Corp., Azusa, Calif. Home: 4908 Donovan Dr., Carmichael, Calif. 
(SR, LR) 

ARAKI, MINORU SAM, (s) Engr.-Research, Rocketdyne, A Division of 
North American Aviation Inc., Canoga Park, Calif. Home: 4828-A 
Kester Ave., Sherman Oaks, Calif. (LR, PC) 

ARAVANTINOS, P. S. M., (s) Home: P.O. Box 35, Washington Bridge 
Sta., New York 33, N. Y. 

ARBUCKLE, PHILIP H., (m) Supv.-Integration Req’ts, Operational 
Engrng. Dept., The Martin Co., Box 179, Denver, Colo. (SP) 

ARCHBOLD, JOHN D., (a) Home: Foxlease Farm, Upperville, Va. 

ARCHER, DAVID H., (m) Asst. Prof. Chem. Engr., Carnegie Inst. of 
Tech., Pittsburgh, Pa. Home: 114 Kentzel Road, Pittsburgh, Pa. 
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ARCHER, HARRY J., (m) Sr. Engr., Aerojet-General Corp., Sacra- 
mento, Calif. Home: 2325 Cortez Lane, Sacramento 21, Calif. 
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ARCHER, RICHARD D., (m) Sr. Lecturer in Aeronautical Engrng., 
Royal Melbourne Technical College, Latrobe St., Melbourne C.1, 
Victoria, Australia. Home: 114 Carrington Rd., Box Hill, E. 11, 
Victoria, Australia. 

ARCHER, WILLIAM A., (s) Manhattan College, Riverdale, N. Y. Home: 
1320—2nd Ave., N. Y. 21, N. Y. (SP, IG) 

ARCHIBALD, ROBERT L., (s) University of California, Riverside, Calif. 
Home: 3694 Briscoe, Riverside, Calif. (SP, LR) 

ARDEN, BENJAMIN, (m) Research Supvr., Research & Development, 
Turco Products, 6135 S. Central Ave., Los Angeles 1, Calif. 
Home: 5006 Coliseum St., Los Angeles, Calif. (RJ) 

ARENBERG, SHELDON I., (m) Sr. Engr., Flight Dynamics, The Martin 
Company, Baltimore 3, Md. Home: Lan Lea Gardens (23-D), 
Lutherville, Md. (IG, SP) 

ARENS, MOSES, (m) Proj. Engr., Curtiss-Wright Corp., Wood Ridge, 
N. J. Home: 2329 Hudson Terrace, Coytesville, N. J. 

ARENSON, DONALD L., (m) Director Res., Ex-Cel Development Lab- 
oratory, 325 West Huron St., Chicago 10, III. Home: 3840 Jerome 
St., Skokie, Illinois. (SP, 1G) 

ARGABRITE, ALAN H., (s) 558th Field Artillery Missile Bn. Home: 
11836 W. Pico, Los Angeles 64, Calif. 

ARGALL, FRANK L., (m) Director, Engineering, Argall & Associates, 
430 N. Rodeo Drive, Beverly Hills, Calif. Home: 3826 Benedict 
Canyon Drive, Sherman Oaks, Calif. (IG, SR) 

ARGYRIS, THOMAS S., (a) Asst. Prof. Zoology, Syracuse University, 
Lyman Hall, Syracuse 10, N. Y. Home: 110 Roney Lane, Syra- 
cuse 10, N. Y. (SP) 

ARIES, ROBERT S., (m) Consultant, R. S. Aries & Associates, 41 
East 42nd St., New York 17, N. Y. Home: Rockland Park, Short 
Beach, Conn. (LR, PC) 

ARKIN, HERBERT JR., (s) University of Michigan, Ann Arbor, Mich. 
Home: 63-33 98th PIl., Forest Hills, N. Y. (SP, IG) 

ARLINGTON, STERLING F., (s) Design Engrng., Industrial Gas Tur- 
bines, Westinghouse Electric Corp., Lester, Pa. (LR, PC) 
ARMSTRONG, JR. AIKMAN, (m) Principal Engr., Aerojet-General 
Corp., Azusa, Calif. Home: 3450 Fairpoint St., Pasadena, Calif. 

(SP, LR) 

ARMSTRONG, DON L., (m) Director Chem. Dept., Solid Engine and 
Chem. Div., Aerojet-General Corp., Azusa, Calif. Home: 818 
Chester Rd., Covina, Calif. (PC) 

ARMSTRONG, GENE L., (m) Chief of Dynamics, Convair Astronautics, 
A Division of General Dynamics Corp., San Diego, Calif. Home: 
645 Loring St., San Diego, Calif. (SP) 

ARMSTRONG, NEIL A., (m) Aero. Res. Pilot, High Speed Flight Sta- 
tion, NACA, P.O. Box 273, Edwards, Calif. Home: 729 Gayley, 
Los Angeles 24, Calif. 

ARNAUD, JEAN, (m) Lt. Col., Asst. Air Attache, French Embassy, 
1759 R St., N.W., Washington, D. C. 

ARNER, GEORGE R., (m) Mech. & Aero. Engr., Naval Air Development 
Center, Johnsville, Pa. Home: 3413 Azalea Ave., Penn Valley Ter- 
race, Trevose, Penna. (SR) 

ARNOLD, ARTHUR K., (m) Rocket Engine Div., Rolls-Royce Ltd., 

ARNOLD, HENRY H., (a) Rocketdyne, A Division of North American 
Aviation, Inc., 6633 Canoga Ave., Canoga Park, Calif. Home: 
12747 Van Owen, No. Hollywood, Calif. (SP, LR) 


ARNOLD, J. ELWOOD, (m) Manager, Convair, A Division of General 
Dynamics Corp., Daingerfield, Texas. Home: Box 735, Dainger- 
field, Tex. (PC) 

ARNOLD, JAMES S., (m) Physicist, Stanford Research Inst., 
ford, Calif. Home: 700 Alester, Palo Alto, Calif. (IG, SP) 

ARTHUR, DOGAN H., (a) Aircraft Sales Mgr., Aircraft Sales Depart- 
ment, Aeroquip Corporation, 300 S. East Ave., Jackson, Mich. 
Home: 1613 Herkimer Dr., Jackson, Mich. 

ARTHUR, PAUL D., (m) Systems Laboratory Corp., 15016 Ventura, 
Sherman Oaks, Calif. Home: 11221 Gloria, Granada Hills, Calif. 
Nightingale Rd., Derby, England. Home: 112 Normanton Lane, 
Littleover, Derby, England. (LR) 

ARTLEY, GORDON E., (m) Assistant Director of Test Lab, ABMA, 
Huntsville, Ala. Home: 705 Phillips Road, Huntsville, Ala. 
(SP, LR) 

ASH, ARTHUR B., (m) Director of Research, Turbo Division, Ameri- 
can Machine & Foundry Co., 10445 Glenoaks Boulevard, Pa- 
coima, Calif. Home: 8843 Costello Street, Panorama City, Calif. 
(LR, PC) 

ASHLEY, EUGENE, (m) Design Engr., Aircraft Products Dept., Gen- 
eral Electric Co., Lakeside Ave., Burlington, Vt. Home: 15 Ivy 
Lane, Burlington, Vt. (LR) 

ASHMEAD, RICHARD R., (m) Group Leader, Turbomachinery, Rocket- 
dyne, A Division of North American Aviation, Inc., Canoga Park, 
Calif. Home: 22232 Cass Ave., Woodland Hills, Calif. (LR) 

ASPELIN, LESLIE L., (m) Engrng. Mgr., Accessories Div., Dev. Engr. 
Dept., Thompson Products, 23555 Euclid Ave., Cleveland, O. 
Home: 1260 Quilliams Rd., Cleveland, O. 

ASPINWALL, ROBERT H., (m) Sr. Proj. Engr., Advance Engine De- 
sign, Allison Div.-General Motors, Indianapolis, Ind. Home: 3109 
N. Webster, Indianapolis, Ind. (SP, LR) 

ATKINS, KENNETH L., (s) Parks College, East St. Louis, Ill. 
2414 Ong St., Amarillo, Texas. (SP) 

ATKINS, LEROY, (m) Designer, Rocket Engine Support Equipment, 
Bell Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 18 Hilton 
Bivd., Snyder 26, N. Y. 

ATKINSON, MARY L., (a) Jr. Engr., Boeing Airplane Co., Plant 2, Se- 
attle, Wash. Home: 23 Hillcrest St., Waltham, Mass. 

ATKINSON, RUSSELL S., (m) Contracts Mgr., Lear Romec Div., Lear, 
Inc., 1430 Abbe Rd., Elyria, Ohio. Home: 140 Berkeley Rd., 
Elyria, Ohio. (RJ, LR) 

ATKISSON, JAMES B., (m) Mgr. Mechanics, JPL, Calif. Institute of 
Tech., 4800 Oak Grove Drive, Pasadena 3, Calif. Home: 2604 
E. Villa St., Pasadena 8, Calif. (SR, LR) 

ATRAN, CHARLES W., (a) Quality Control Supervisor (A/C & Eng), 
Quality Control, U. S. Air Force, George Air Force Base, Victor- 
ville, Calif. Home: P.O. Box 9, 100 Nisqualy Road, Apple Valley, 
California. (IG, SP) 

ATRAN, LEONARD, (m) Sr. Engr., Analytical Section, Air Arm Div., 
Westinghouse Electric Corp., P.O. Box 746, Baltimore 3, Md. 
Home: 4205 Bonner Rd., Baltimore 3, Md. (IG, SP) 

ATTIAS, JOHN J., (m) Member Tech. Staff, Guided Missile Research 
Division (Propulsion), The Ramo-Wooldridge Corp., 5760 Arbor 
Vitae, Los Angeles 45, Calif. Home: 2452 Woodbyn Rd., Pasa- 
dena, Calif. (LR, SP) 

ATWOOD, STANLEY G., JR., (m) Wylie Laboratories, El Segundo, 
Calif. Home: 1126 W. 142nd St., Hawthorne, Calif. (SR, LR) 
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ATZ, HOWARD W., (m) Field Engr., Whittaker Gyro Division, Telecom- 
puting Corporation, 1000 Vermont Ave., N.W., Washington 5, 
D. C. Home: 1500 Massachusetts Ave., N.W., Washington, D. C. 
(IG, PC) 

AUGART, PAUL T., (s) Brooklyn Polytechnic Institute, 99 Livingstone 
St., Brooklyn, N. Y. Home: 33-23 58th St., Woodside 77, N. Y. 

AUGOST, ARTHUR, (s) Academy of Aeronautics, LaGuardia Airport, 
N. Y. Home: 1553 Bryant Ave., Bronx 60, N. Y. 
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Calif. (RJ, SP) 
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Reaction Motors, Inc., Denville, N. J. Home: 197 West Passaic 
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Scottsdale, Arizona. (SR, LR) 

AYMEN, WALTER P., (a) Experimental Test, Missile Section, Research 
& Development Laboratories, Hughes Aircraft Co., Culver City, 
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BABAOFF, WILLIAM, (s) Boston University, 395 Maverick St., East 
Boston, Mass. Home: Room 617, 30 Bay State Rd., Boston 15, 
Mass. 

BABITS, GEORGE F., (m) Lt. Col., USAF Academy, Denver 8, Colo. 
Home: 1160 Trenton St., Denver 8, Colo. 

BACHLE, CARL F., (m) Vice Pres., Res. Dept., Continental Aviation 
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Grand Central Rocket Co., P.O. Box 111, Redlands, Calif. Home: 
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Home: 7242 Alabama Ave., Canoga Park, Calif. (LR) 
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Box 304, Reseda, Calif. (SP, LR) 
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BAGGETT, PHILLIP J., (s) Purdue University, 302 W. Stadium, W. 
Lafayette, Ind. (SP) 
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General Corp., P.O. Box 296, Azusa, Calif. Home: 1440 East- 
ridge Dr., Whittier, Calif. (LR, SP) 

BAGLEY, BRUCE R., (a) Vice Pres., Yale Stamping Co., 19055 W. 
Davison, Detroit 23, Mich. Home: 19327 Bretton Dr., Detroit 23, 
Mich. 

BAGLEY, CHARLES S., (m) Cartographer, Holloman Air Development 
Center, Holloman Air Force Base, N. M. Home: 1314 Ohio Ave., 
Alamogordo, N. M. (IG, PC) 

BAGNALL, LESLIE M., (m) Sr. Nuclear Engr., Convair, A Division of 
General Dynamics Corp., Ft. Worth, Tex. Home: 5840 Coleman 
St., Fort Worth 14, Texas. (SP, PC) 

BAHN, GILBERT S., (m) Engrng. Specialist, Long Range Planning & 
Research Div., Marquardt Aircraft Co., 16555 Saticoy St., Van 
Nuys, Calif. Home: 22816 Pacific Coast Highway, Malibu, Calif. 
(RJ, PC) 

BAILER, EDWARD R., (m) Expediter-Investigator, Wheatfield Div., Bell 
Aircraft Corp., Niagara Falls Bivd., Wheatfield, N. Y. (LR) 

BAILEY, D. K., (m) Scientific Director, Page Communications Engi- 
neers, Inc., 710—14th St., Washington 5, D. C. Home: 5415 
Connecticut Ave., N.W., Washington 15, D. C. (SP, IG) 

BAILEY, FRANK A., (a) Service Engr., Hamilton Division, Bendix 
Aviation Corp., Box 601, James Connally A.F.B., Texas. Home: 
303 N. 3rd St., Hamilton, O. 

BAILEY, ROBERT S., (m) Assoc. Director, Guided Missile Laboratory, 
Federal Telecommunication Laboratories, 492 River Road, Nutley, 
N. J. Home: 151 Bergen Ave., Waldwick, N. J. (IG) 

BAISLEY, W. J., (m) Superintendent Production Test, Rocketdyne, A 
Division of North American Aviation, Inc., Neosho, Mo. Home: 
R3, Neosho, Mo. (IG, LR) 

BAKEL, JOSEPH F., (m) Hydraulic Development Eng., Bendix Avia- 
tion Corp., 400 S. Bieger, Mishawaka, Ind. Home: Ransom, Ill. 
(RJ, SP) 

BAKER, CARL F., (m) Quality Manager, Hamilton Standard Div., 
United Aircraft Corporation, Windsor Locks, Conn. Home: 53 
Rumford St., West Hartford, Conn. 

BAKER, DWIGHT I., (m) Engrng. Specialist, Rocketdyne, A Division 
of North American Aviation, Canoga Park, Calif. Home: 22217 
De La Osa St., Woodland Hills, Calif. (LR, PC) 

BAKER, JOHN W., (a) Mechnical Test Section, Rocket Engine Test 

_ Lab., Edwards A.F.B., Edwards, Calif. Home: 662 W. Ave., H-12, 

Lancaster, Calif. (LR) 


BAKER, LEONARD L., (m) Director of Mechanical Lab., Missile Opera- 
tions, Chrysler Corp., Box 2628, Detroit 31, Mich. Home: 3851 
Yorkshire, Detroit 24, Mich. 

BAKER, LOUIS JR., (m) Aero. Res. Scientist, Rocket Branch, NACA, 
21000 Brookpark Rd., Cleveland 11, O. Home: 13421 Merl Ave., 
Lakewood 7, O. (LR, PC) 

BAKER, LYMAN M., (m) Engine Engineer, Rocket Engine Dept., Bell 
Aircraft Corp., P.O. Box One, Buffalo 5, N. Y. Home: 265 Koenig 
Rd., Tonawanda, N. Y. (LR, PC) 

BAKER, NORMAN L., (m) Pilotless Aircraft Division, Boeing Airplane 
Co., Seattle, Wash. Home: 1251 S.W. 137th, Seattle 66, Wash. 
(SP) 

BAKER, RICHARD D., (a) Fire Chief, North American Aviation, Inc., 
4300 E. Fifth, Columbus, O. Home: 282 No. Stanwood Rd., Bex- 
ley 9, O. 

BAKER, ROBERT L., (s) Home: 44 Mt. Pleasant St., Cambridge, Mass. 
(SP) 

BAKER, ROBERT M. L. JR., (s) Spacenautics, Systems Laboratories 
Corp., 15016 Ventura Bivd., Sherman Oaks, Calif. Home: 12125 
San Vicente “A , Los Angeles 49, Calif. (SP, IG) 

BAKER, SAM L., (m) Sr. Design Engr., Cryogenics, G.S.E., The Mar- 
tin Co., Denver, Colo. Home: 8800 W. Kentucky, Denver 15, 
Colo. (SR, PC) 

BAKOW, LEON, (s) Indiana Technical College, Ft. Wayne, Ind. Home: 
221 East Washington Blvd., Ft. Wayne, Ind. (SP) 

BALCHEN, ARTHUR E., (s) Academy of ‘Aeronautics, LaGuardia Air- 
port, Flushing, N. Y. Home: 75 Anderson, Hackensack, N. J. 
(LR, SP) 

BALDRIGE, JOHN H., (m) Proj. Engr., Research Dept., Connecticut 
Hard Rubber Company, 407 East St., New Haven 9, Conn. Home: 
512 Townsend Ave., New Haven, Conn. (SP, PC) 

BALDWIN, JAMES CECIL, (s) Box 244, Barrhead, Alberta, Canada. 
(LR, PC) 

BALL, JAMES R., (a) Design Engr., Aerojet-General Corp., P.O. Box 
1947, Sacramento, Calif. Home: 7109 Eagle Rd., Fair Oaks, 
Calif. (1G, LR) 

BALL, PETER C., (m) Mech. Engr., Engineering Div., Chrysler Cor- 
poration, Detroit 31, Mich. Home: 14530 Bishop Oak Park 37, 
Mich. 

BALL, WAYNE E., (m) Service Engr., Aircraft, Convair, A Division 
of General Dynamics Corp., Grants Lane, Fort Worth, Tex. Home: 
6164 D Karen Circle, Fort Worth 16, Tex. 

BALLARD, JOHN A., JR., (m) Field Technical Liaison Rep., Jupiter 
Project Office, Missile Opns., Chrysler Corp., Box 857, Huntsville, 
Ala. (SP, PC) 

BALLENTINE, JAMES M., JR., (m) Ensign USNR, Washington, D. C. 
Home: 5 South Lake Trail, Palm Beach, Fla. (SP, LR) 

BALLER, HOWARD, (a) Ass’t Director of Development, Mechanical 
Div., General Mills, Inc., 2003 E. Hennepin Ave., Minneapolis, 
Minn. Home: 5040 Park Ave., Minneapolis 17, Minn. (SP, IG) 

BALLINGER, THOMAS W., (s) Flight Test Engr., Test Evaluation, 
Convair Astronautics, A Division of General Dynamics Corp., 
San Diego, Calif. Home: 6361 Severin Dr., La Mesa, Calif. 
(SP, LR) 

BALTAY, CHARLES, (s) Alpha Delta Phi, Union College, Schenectady, 
N. Y. Home: Box 43, Lake Ronkonkomo, N. Y. (SP) 

BALTAZOR, ALBERT A., (m) General Contractor, The Baltazor Co., 
5328 Franklin Ave., New Orleans 22, La. (LR, PC) 

BANDETTINI, ANGELO, (m) Aero. Res. Scientist, Ames Aeronautical 
Lab., NACA, Moffett Field, Calif. Home: 644 Alma St., Mountain 
View, Calif. (SP, IG) 

BANE, JAMES C., JR., (s) Carnegie Institute of Technology, Pittsburgh 
13, Pa. Home: 800 Duncan Ave., Washington, Pa. 

BANGS, A. PHILIP, (a) Assist. Engr., Computer Lab., Convair, A 
Division of General Dynamics Corp., 1675 W. Fifth St., Pomona, 
Calif. Home: 123 N. Gladys Ave., Monterey Park, Calif. (PC, SP) 

BANKS, RONALD, (s) Product Engr., Applications Engrng. & Contracts 
Div., Reaction Motors Inc., Denville, N. J. Home: 412 Morris 
Ave., Summit, N. J. (LR, SP) 

BANKSTON, LESTER T., (m) Proj. Engr., Naval Ordnance Test Sta- 
tion, China Lake, Calif. Home: 311-B Burke Rd., China Lake, 
Calif. (PC, RJ) 

BANNAN, BERNARD J., (m) Vice Pres., Gen. Mgr., Western Gear 
Corporation, 2600 E. Imperial Hwy., Lynwood, Calif. Home: 1000 
Buena Vista, South Pasadena, Calif. (RJ, LR) 

BANUS, M. DOUGLAS, (m) Director Res. and Devel. Labs., Metal 
Hydrides, Inc., Congress St., Beverly, Mass. Home: High St., 
Topsfield, Mass. (LR, PC) 

BARDIN, JACK S., (m) Muskogee Proj. Mgr., Callery Chemical Co., 
Callery, Pa. Home: 217 Siebert Rd., Pittsburgh 9, Pa.s(PC) 

BARDOLPH, MARINUS P., (m) Res. Chemist, Propellants, Olin 
Mathieson Chemical Corp., East Alton, Ill. Home: 3438 Meri- 
docia, Alton, Ill. 

BARFIELD, CLYDE E., (m) Design Engr., Rocket Engine Develop., 
Aerojet-General Corp., Azusa, Calif. Home: 4044 Walnuthaven 
Dr., Covina, Calif. 

BARICHIVICH, ANTHONY C., (m) Physicist, U.S. Army Signal Engrng. 
Laboratories, Ft. Monmouth, N. J. Home: 3 Cortlandt St., Nep- 
tune, N. J. (SP, 1G) 
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BARIFFI, HERBERT F., (m) Tech. Staff, Launchers and Powerplants 
Dept., Hughes Aircraft Co., Culver City, Calif. Home: 7336-D 
West Manchester Bivd., Los Angeles 45, Calif. (SP, SR) 

BARKAN, MARVIN D., (s) N. Y. U. College of Engrng., University 
Heights, Bronx 53, N. Y. Home: 136-70 72nd Ave., Kew Gardens 
Hills 67, N. Y. (SP, RJ) 

BARKER, CALVIN L. R., (s) Res. Engr., Air-Fuel Combustion, JPL, 
California Institute of Technology, 4800 Oak Grove Dr., Pasa- 
dena, Calif. Home: 185 S. Greenwood, Pasadena, Calif. (SP) 

BARKER, WALTER M., (s) Purdue University, Box 44, Cary Hall, 
West Lafayette, Ind. Home: Dayton, Ind. (SP, PC) 

BARKLEY, JOHN E., (a) Director of Research, Mechanical Division, 
General Mills, Inc., 2003 East Hennepin Ave., Minneapolis 13, 
Minn. Home: 1630 Ridgewood La., St. Paul 13, Minn. 

BARLOW, MELVILLE R., (m) Flight Test Instrumentation Engr., Con- 
vair-Astronautics, A Division of General Dynamics Corp., Pacific 
Highway, San Diego 12, Calif. Home: 2805 Andrea Ave., San 
Diego 11, Calif. (IG, SP) 

BARNER, WILLIAM H., (a) Engr., Reinhold Engineering & Plastics Co., 
12827 E. Imperial, Norwalk, Calif. (SR) 

BARNES, HOWARD E. JR., (a) Project Designer, Egli and Gompf, Inc., 
1003 N. Calvert St., Baltimore 2, Md. Home: 3726 Cedar Dr., 
Baltimore 7, O. 

BARNES, SAMUEL E., (m) Training Aids Specialist, General Electric 
Co., Evendale, O. Home: 3368 Cinti-Brookville Rd., Hamilton, O. 
(SP, LR) 

BARNES, CLARENCE E., JR., (a) Sr. Supvr., Production Illustration 
Group, Boeing Airplane Co., Wichita, Kan. Home: 1122 Inverness, 
Wichita 18, Kan. 

BARNES, WILLIAM E., (m) Staff Administrator, Power Plant, Mar- 
quardt Aircraft Co., Van Nuys, Calif. Home: 8122 Lesner, Van 
Nuys. (PC, RJ) 

BARNES, WILLIAM W., (m) Schedules Engr., Engrng. Dept., Convair, 
A Division of General Dynamics Corp., 1852 W. 5th St., Pomona, 
Calif. Home: 18241 Workman Ave., Covina, Calif. (SP) 

BARNEY, JOHN D., (m) Design Engr., Nuclear Projects Dept., Aerojet- 
General Corporation, Azusa, Calif. Home: 1560 N. Michigan Ave., 
Pasadena, Calif. (SP, SR) 

BARNEY, LAUREL A., JR., (m) Res. Test Engr., Convair-Astronautics, 
A Division of General Dynamics Corp., Edwards Rocket Base, 
Edwards, Calif. Home: 44004 Stanridge Ave., Lancaster, Calif. 
(LR) 

BARNOCKY, JOSEPH S., (m) Ground Support Equipment Engr., 
The Martin Co., Box 179, Denver 1, Colo. Home: 2759 South 
Patton Court, Denver 19, Colo. (IG, SP) 

BARONE, MARTIN J., (m) Flight Test Engr., Dept. 6-7, Convair, A 
Division of General Dynamics Corp., Ft. Worth, Texas. Home: 
7315 Ewing Ave., Ft. Worth, Texas. (IG, SP) 

BARONDES, R. deR., (m) Space Medicine and Research, U. S. 
Federal Government, 1031 So. Broadway, Los Angeles 15, Calif. 
Home: 628 So. Serrano Ave., Los Angeles 5, Calif. 

BARR, BRADFORD F., (s) University of Michigan, Ann Arbor, Mich. 
Home: 1000 Oakland, Ann Arbor, Mich. 

BARR, C. JAMES, (m) Assistant Director of Research & Development, 
Explosives Division, Olin Mathieson Chemical Corp., East Alton, 
Illinois. Home: 721 East Rosedale, East Alton, Illinois. (SR) 

BARR, FAY H., (m) Proj. Engr., U.S.A.F. Rocket Engine Test Station, 
Edwards A.F.B., Calif. Home: 45320—1lth St. W., Lancaster, 
Calif. (IG) 

BARR, IRWIN R., (m) Chief Ordnance Engr., Ordnance Dept., Aircraft 
Armaments Inc., Cockeysville, Md. Home: Chapman Rd., Kings- 
ville, Md. 

BARR, ROBERT A., (m) Gen. Mgr., Stupakoff Div., Carborundum Co., 
Latrobe, Pa. Home: 867 River Rd., Fair Haven, N. J. 

BARR, WILLIAM J., (m) Tech. Asst. to the Pres., Detroit Controls 
Corp., 5900 Trumbull Ave., Redwood City, Calif. (IG) 

BARRETT, DAVID M., (s) Home: 22 Symmes St., Roslindale 31, Mass. 
(IG, SP) 
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Dartmouth College, Hanover, N. H. Home: (HCME) Hanover, 
N. H. (LR, PC) 

BROWNING, ROWLAND E., (m) General Engineer for ICBM in the 
Office of the Chief of IOC Facilities, Western Development Di- 
vision, ARDC, Inglewood, Calif. Home: 1424 W. Crescent, Red- 
lands, Calif. (SR, LR) 

BRUBAKER, GEORGE, (m) President, Telecomputing Corp., 16217 
Lindbergh Ave., Van Nuys, Calif. 

BRUCE, LOUIS W., (a) Subsystems Liaison Man, Fort Worth Division, 
Dept. 7-7, Convair, A Division of General Dynamics Corp., Box 
748, Fort Worth, Tex. Home: 805 Maley St., Fort Worth, Tex. 
(SR, PC) 

BRUGGEMAN, JOHN R., (m) Sr. Engr., Ground Support, The Martin 
Co., Box 179, Denver 1, Colo. Home: 3700 Teller, Wheatridge, 
Colo. (SP, LR) 

BRUCK, H. W., (s) Res. Assist., Princeton University, Organizational 
Behavior Section, Princeton, N. J. Home: 1512 Wesley Ave., 
Evanston, Ill. 

BRULLE, ROBERT V., (m) Sr. Engr., Missile Aerodynamics, McDon- 
nell Aircraft Corp., Lambert Airport, St. Louis Mo. Home: 3901 
Edmundson Rd., St. Louis County 21, Mo. (SP, IC) 

BRUMAN, JOSEPH R., (m) Group Engr., Missile Systems Div., Lock- 
heed Aircraft Corp., Van Nuys, Calif. Home: 3527 Cody Ave., 
Sherman Oaks, Calif. 

BRUNER, BUDDY, L., (a) Graduate Assistant, Chemistry Dept., lowa 
State College, Ames, lowa. Home: 1448 Hawthorne Ct., Ames, 
lowa. (SP, PC) 

BRUNNER, WILLIAM L., (m) Seattle University, Seattle Wash. Home: 
1623 6th Ave., West, Seattle 99, Wash. (SP, IG) 

BRUNS, AUGUST F., (a) District Mgr., So. Central District, Aerojet- 
General Corp., P.O. Box 2504, Amon Carter Field, Fort Worth, 
Tex. Home: 1501 Ross Dr., Irving, Tex. 

BRUSCHI, ARTHUR T., (m) Group Leader, Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 7050 
Lubao Ave., Canoga Park, Calif. (LR, PC) 

BRUSKI, EDMUND, (a) Design Engr., Landing Gear, Convair, A Divi- 

sion of General Dynamics Corp., Pacific Highway, San Diego. 

Home: 106 Pennsylvania Ave., San Diego 3, Calif. (SP, LR) 
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BRUST, CHARLES K., (m) Vice President and Chief Engr., Arma- 
ment Components, Inc., 1224 East Delhi Rd., Santa Ana, Calif. 
Home: 2301 S. Olive St., Santa Ana, Calif. (SP, IG) 

BRYANT, AUSTIN U., (m) Vice Pres. Engineering, Grove Valve & 
Regulator Co., 6529 Hollis St., Oakland 8, Calif. Home: 2349 San 
Juan Ave., Walnut Creek, Calif. (IG, LR) 

BUCCELLA, FRANKLIN J., (a) Engr.-Res. Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Ave., Canoga Park, Calif. 
Home: 13207 Oxnard St., Van Nuys, Calif. (SP, LR) 

BUCHAN, ALEXANDER, (m) Vice Pres., Air Trails Network, 121 N. 
Main St., Dayton 2, O. Home: 5518 Mad River Rd., Dayton 2, O. 

BUCHANAN, JACK, (m) Operations Director, Redstone Division, Thi- 
okol Chemica! Corp., Huntsville, Ala. Home: 300 Westmoreland 
Dr., Huntsville, Ala. (SR, LR) 

BUCHBINDER, NORMAN, (m) Treasurer, Allied Research Associates, 
inc., 43 Leon St., Boston 15, Mass. Home: 64 Baldpate Hill 
Road, Newton Centre 59, Mass. (SP, IG) 

BUCHER, GEORGE C., (a) Aeronautical Research Administrator, Re- 
search Projects Office, Army Ballistic Missile Agency, Huntsville, 
Alabama. Home: 11 Patterson, Rt. 1, Huntsville, Ala. (SP, LR) 

BUCHHOLD, THEODORE, (m) Consulting Engr., General Engineering 
Laboratory, General Electric Co., River Road Bidg. 37, Sche- 
nectady, N. Y. Home: 826 Karenwald Lane, Schenectady, N. Y. 
(1G) 

BUCHOLTZ, STANLEY F., (m) Mechanical Lab Tech., Wright Aero. 
Div., Curtiss-Wright Corp., Wood Ridge, N. J. Home: 643 Flatbush 
Ave., Brooklyn 25, N. Y. (SP) 

BUCKALEW, ROBERT L., (a) Propulsion Systems Mechanic, Fort 
Worth Div., Convair, A Division of General Dynamics Corp., Fort 
Worth, Tex. Home: 5004 Royal Dr., Fort Worth, Tex. (LR, PC) 

BUCKEL, WILLIAM L., (m) Mech. Engr., Battelle Institute, 505 King 
Ave., Columbus, O. Home: 1520—15 W. 6th Ave., Columbus 12, 
Oo. 

BUCKLEY, PAULITA A., (s) Univ. of Michigan, Ann Arbor, Mich. 
Home: 1117 Brooklyn, Ann Arbor, Mich. (SP) 

BUCKNER, WILBUR G., (m) President, Advanced Design & Develop- 
ment Co., 718 E. Hyde Park Bivd., Inglewood 3, Calif. Home: 
12132 Herbert St., Los Angeles 66, Calif. (LR, PC) 

BUDISH, NATHAN N., (m) Visiting Lecturer with Rank of Associate 
Professor, Princeton University, Princeton, N. J. Home: 16023- 
14 S.W., Seattle 66, Wash. (SP, RJ) 

BUELL, DAVID N., (m) Asst. Dept. Head, Structural Design, Missile 
Operations, Chrysler Corporation, P.O. Box 2628, Detroit 31, 
Mich. Home: 2616 Woodland, Royal Oak, Mich. (SR, LR) 

BUELL, THOMAS C., (m) Commander, USN, U. S. Naval Ordnance 
Missile Test Facility, Executive/Operations Officer, White Sands 
Proving Ground, New Mexico. Home: Qtrs. 735, White Sands 
Proving Ground, N. M. 

BUEVENS, WILLIAM R., (m) Design Engr., Convair Astronautics, A 
Division of General Dynamics Corp., San Diego, Calif. Home: 
8541 Dubonnet, San Diego, Calif. (SP, LR) rs 

BUFFINGTON, JOHN W., (a) Res. Engr., Mechnical Div., General 
Mills, Inc., 2003 E. Hennepin Ave., Minneapolis, Minn. Home: 
5541 Vincent Ave., So. Minneapolis, Minn. 

BUJAC, JAMES N., JR., (m) ETR Test Operations Engr., Aircraft Nu- 
clear Propulsion Dept., General Electric Company, Box 535, 
idaho Falls, idaho. Home: 246 West 20th, Idaho Falls, Idaho. 
(SP, PC 

BULLION, LEROY D., (m) Patent Examiner, Div. 54, U. S. Patent 
Office, Dept. of Commerce, Washington, D. C. Home: 6132 32nd 
Pl., NW., Washington 15, D. C. (SP, LR) 

BULLITT, DOROTHY S., (m) Pres., King Broadcasting Company, 320 
Aurora Ave., Seattle 9, Wash. Home: 1014 East Galer, Seattle 2, 
Wash. (SP) 

BULLOCK, J. B., (s) University of Michigan, Ann Arbor, Mich. Home: 
1123 Parkwood, Flint, Mich. (SP) 

BUNKER, LEONARD R., (s) Academy of Aeronautics, LaGuardia Air- 
port, N. Y. Home: 92 Parma Road, Island Park, N. Y. 

BURCH, JACK J., (s) Arlington State College, Arlington, Texas. Home: 
Rt. 3, Box 72, Arlington, Texas. (SP, IG) 

BURDEN, WILLIAM A. M., (m) Partner, William A. M. Burden & Co., 
630 Fifth Ave., New York 20, N. Y. Home: 820 Fifth Ave., New 
York 21, N. Y. (SR, IG) 

BURDETT, HARRY W., JR., (m) Chief Engr., Special Products Div., 
Reaction Motors, Inc., Denville, N. J. Home: 379 Butternut Ave., 
Wyckoff, N. J. (SP, LR) 

BURDICK, W. E., (a) Works Manager, Aerojet-General Corporation, 
Sacramento, Calif. Home: 940 Watt Ave., Sacramento 25, Calif. 
(SR) 

BURGER, GEORGE S., (a) Electronic Tech., Bell Aircraft Corp., Buf- 
falo 5, N. Y. Home: 18 Loxley Rd., Buffalo 25, N. Y. (IG) 

BURGESON, JOHN W., (a) International Business Machines Corp., 
Cleveland, O. Home: 4257 Oak Knoll Dr., Youngstown 12, O. (SP) 

BURGESS, ERIC, (m) Technical Writer, Telecomputing Corporation, 
12838 Saticoy St., North Hollywood, Calif. Home: 8451 Rathburn 
Ave., Northridge, Calif. (SP, LR) 

BURGGRAF, ODUS R., (m) Aerodynamics Engr., Aerophysics Develop- 

ment Corporation, Santa Barbara, Calif. Horhe: 2563 Treasure 

ODr., Santa Barbara, Calif. 


BURKE, JAMES P., (s) University of Virginia, Charlottesville, Va. 
Home: 2926 Northumberland Ave., Richmond, Va. 

BURKE, JOHN J., (m) Hallamore Electronics Co., 8352 Brookhurst 
Ave., Anaheim, Calif. 

BURKE, ROBERT W., (m) Engr., Futurecraft Corp., 1717 N. Chico, 
El Monte, Calif. Home: 1000 Crestview Dr., Pasadena, Calif. 
(SP, LR) 

BURKETT, THOMAS W., (m) Co-Owner, The Book Shop, Russel Ers- 
kine Bidg., Huntsville, Ala. Home: 1614 Pansy St., Huntsville, 
Ala. (SR, PC) 

BURKHART, CHARLES C., (a) Staff Engr., Convair, A Div. of General 
Dynamics Corp., Pomona, Calif. Home: 350 N. Garey, Pomona, 
Calif. 

BURKHART, ERNIE C., (m) President, Genisco Inc., 2233 Federal 
Ave., Los Angeles 64, Calif. Home: 1754 Mandeville Canyon Rd., 
Los Angeles 49, Calif. (SP, IG) 

BURLAGE, HENRY, JR., (m) Director, Propulsion Laboratory and 
Associate Professor of Aeronautical Engineering, Case Institute 
of Technology, Cleveland 6, O. Home: 2529 Bolton Rd., Cleve- 
land Heights 18, O. (RJ, PC) 

BURLEIGH, DEAN E., (m) Manager—Engineering Administration, 
Beech Aircraft Corporation, 9709 East Central Ave., Wichita 1, 
Kan. Home: 220 North Edgemoor, Wichita, Kan. 

BURLEY, JAMES, (s) Draftsman, Convair, A Division of General 
Dynamics Corp., Fort Worth, Tex. Home: 3705-C Winthrop St., 
Fort Worth, Tex. (LR) 

BURNELL, EDWIN J., (m) Head, Engr. Services Section, Hughes Air- 
craft Co., International Airport Station, Los Angeles 45, Calif. 
Home: 705 Via Horcada, Palos Verdes Estates, Calif (IG, SP) 


BURNER, LINCOLN C., (m) Electronics Proj. Engr., (Freq. Stds. Divi- 
sion) Hamilton Watch Co., Lancaster, Pa. Home: 1040 So. Madi- 
son St., Denver 9, Colo. (1G) 

BURNETT, WM. E., (m) Electronic Eng., Range Safety & Tracking 
Equipment, The Martin Company, Box 107, Port Canaveral, Fla. 
Home: 1214 Baldwin Dr., Orlando, Fla. (IG, SP) 

BURNS, FRANCIS S., (m) Res. Engr. Missile Development Div., North 
American Aviation, Inc., Downey, Calif. Home: 800 W. Orange- 
thorpe, Placentia, Calif. (IG, LR) 

BURNS, RICHARD H., (s) Polytechnic Institute of Brooklyn, 99 Liv- 
ingston St., Brooklyn 12, N. Y. Home 426 Rockaway Parkway, 
Brooklyn 12, N. Y. (SP) 

BURR, EDGAR A., (a) Technical Writer, Missiles Div. (Publications) 
Douglas Aircraft Co., 3000 Ocean Park Blivd., Santa Monica, 
Calif. Home: 3933 Coolidge Ave., Los Angeles 66, Calif. (SP, IG) 

BURRIDGE, JAMES L., (m) Asst. Chief Engr., The Martin Co., Den- 
ver, Colo. Home: 1750 Graham Ln., Littleton, Colo. (SP, LR) 

BURRIS, JAMES L., (m) Design Engr., Power Plant Group, Convair, 
A Div. of Gen. Dynamics Corp., Fort Worth, Tex. Home: 1010 
N.W. 15th, Ft. Worth, Texas. (LR) 

BURTON, EDWARD F., (m) Chief Engr., Douglas Aircraft Company, 
Inc., Engineering Division, 3000 Ocean Park Blvd., Santa Mon- 
ica, Calif. Home: 515 Homewood Road, Los Angeles 49, Calif. 

BURWELL, JAMES J., (s) Ultra Sonic Tech., Douglas Aircraft Co., 
827 Lapham, E! Segundo, Calif. Home: 426 Palos Verdes Bivd., 
Redondo Beach, Calif. 

BURWELL, WAYNE G., (m) Research Engr., Gas Turbines, General 
Motors Corp., Box 188, North End Station, Detroit 2, Mich. 
Home: 314 Huntington, Mt. Clemens, Mich. (PC) 

BUSH, DALLACE K., (m) Research and Development Engr., Boeing 
Airplane Co., Seattle, Wash. Home: 16911—21st S.W., Seattle 
66, Wash. (RJ, LR) 

BUSH, POWELL D., JR., Res. Engr., Georgia Div., Lockheed Aircraft 
Corp., Marietta, Ga. Home: RFD #6, Marietta, Ga. (SP, PC) 


BUTKEWICZ, PETER J., (s) Parks College, East St. Louis, Ill. Home: 
106 Gilroy St., Dunmere 12, Pa. (SP, RJ) 

BUTLER, CLIFTON L., (m) Lt. Col., U. S. Air Force, Hq. Holloman Air 
Dev. Cen., Holloman AFB, N. M. Home: 2101 Castle Drive, Hol- 
loman AFB, N. M. (SP, IG) 

BUTLER, EARL M., (m) Proj. Engr., Structures and Mechanics Lab., 
Army Ballistic Missile Agency, Redstone Arsenal, Huntsville, 
Ala. Home: 3021 Panorama Dr., Huntsville, Ala. (SP) 

BUTLER, GEORGE D., (m) Dir. of Sales, Norden-Ketay Corp., Com- 
merce Rd., Stamford, Conn. Home: Chestnut Hill Rd., Wilton, 
Conn. (1G) 

BUTLER, GEORGE V., (m) Staff Assist., Missile Design, Douglas Air- 
craft Co., 3300 Ocean Park Bivd., Santa Monica, Calif. Home: 
668 Enchanted Way, Pacific Palisades, Calif. (SP, 1G) 

BUTLER, NORVAL O., (m) Chief Elec. Engr., Elec. Prod. Div., Western 
Gear Corp., 132 W. Colorado, Pasadena, Calif. Home: 1078 N. 
Michigan, Pasadena, Calif. (IG, RJ) 

BUTTER, CHAS. D., (s) University of Minnesota, Minneapolis, Minn. 
Home: 3809—23d Ave., South, Minneapolis, Minn. (IG, LR) 
BUTTERBAUGH, GALEN, (m) Proj. Engr., Engrng. Dept., Sargent En- 
gineering Corp., P.O. Box 231, Huntington Park, Calif. Home: 

11757 State St., Lynwood, Calif. (SP, RJ) 

BUTTERFIELD, JOHN P., (m) Chief Engr., Missile Operations, Chrysler 
Corporation, P.O. Box 2628, Detroit 31, Mich. Home: 1145 Bal- 
four, Grosse Pointe 30, Mich. (IG) 
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BUXO, VINCENT M., (s) Academy of Aeronautics, LaGuardia, Airport, 
N. Y. Home: 201 Monroe St., Massapequa Park, N. Y. 

BYERS, RICHARD, (m) Res. Engr., Missiles Systems Division, Lock- 
heed Aircraft Corp., Sunnyvale, Calif. Home: 18970 Fernbrook 
Ct., Saratoga, Calif. (SP, SR) 

BYINGTON, HARRY W., (m) Thermodynamics Engr., Aerophysics 
Group, Convair-Astronautics, A Division of General Dynamics 
Corp., San Diego, Calif. Home: 803 Gaga Dr., San Diego 6, 
Calif. (LR, PC) 

BYRD, LEWIS H., (m) Physicist, White Sands Signal Corps., White 
Sands Proving Ground, N. M. Home: 1511 Boutz Rd., Las 
Cruces, N. M. (SP, IG) 

BYRNE, J. F., (m) Rear Adm., USN (Ret.) Asst. Chief Engr., Field & 
Missile Operations, Chrysler Corporation, P.O. Box 2628, Detroit, 
Mich. Home: 411 Rivard Bivd., Grosse Pointe 30, Mich. 

BYRNES, JOHN M., (s) Purdue University, W. Lafayette, Indiana. 
Home: 838 Gardner, Flossmoor, Ill. (RJ, SP) 

BYRON, ROBERT A., (m) Engr., Rocketdyne, A Division of North 
American Aviation, Inc., Canoga Park, Calif. Home: 4835 San 
Feliciano Dr., Woodland Hills, Calif. (LR) 

BYRON, THOMAS J., (m) USAF Asst. Chief, Quality Control, Elec- 
tronic Manufacturing Div., Hughes Aircraft Co., El Segundo 
Plant, P.O. Box 45426, Airport Station, Los Angeles 45, Calif. 
Home: 1222 W. 23 St., Los Angeles 7, Calif. (IG) 

BYTNAR, MELVIN M., (a) Hughes Aircraft Co., P.O. Box 5555, Tuc- 
son, Ariz. Home: 3908 5th Ave., Tucson, Ariz. (1G) 
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CABELL, JOSEPH B., JR., (a) Cabell Electric Company, Jackson, 
Miss. Home: 591 Warrior Trail, Jackson, Miss. (1G, SP) 

CADIEUX, JOSEPH H., (a) Vice President in charge of Manufacturing, 
Misco Precision Casting Company, 1713 Seventh St., Muskegon, 
Michigan. Home: 2133 Maffett St., Muskegon Heights, Mich. 

CADWELL, GAIUS H., (m) Sr. Proj. Engr., Rocket Engine Projects, 
Reaction Motors, Inc., Ford Road, Denville, N. J. Home: Openaki 
Rd., RD #1, Dover, N. J. (LR, PC) 


CAIDIN, MARTIN, (m) 147 E. 62nd St., N. Y. (LR, SP) 


CAIN, ALLEN W., (m) Engrng. Propulsion Analyst, Chance Vought 
Aircraft, Inc., Dallas, Tex. Home: 7805 Devonshire, Dallas 9, Tex. 
(RJ, PC) 

CAIN, BLANCHARD, (m) Manager, Aero-Mechanical Section, Ameri- 
can Machine & Foundry Company, 11 Bruce Place, Greenwich, 
Conn. Home: Pocono Circle, Norwalk, Conn. (SP, IG) 

CALABRESE, RENATO P., (a) Reliability Engineering Group Leader, 
Missile Dev. Div., North American Aviation, Inc., 12214 Lake- 
wood Blivd., Downey, Calif. Home: 2645 Jackson St., Long Beach 
10, Calif. (SP) 

CALAMORE, DONALD V., (m) Power Plant Engr., Douglas Aircraft Co., 
Santa Monica, Calif. Home: Box 199, Rosamond, Calif. (SP, LR) 


CALANDRA, JOHN, (s) Academy of Aeronautics, La Guardia Airport, 
Flushing 71, N. Y. Home: 30 Montgomery St., New York 2, N. Y. 
(RJ, SP) 

CALCOTE, HARTWELL F., (m) President and Director of Research, 
AeroChem Research Laboratories, Inc., P.O. Box 12, Princeton, 
N. J. Home: 52 Knoll Drive, Princeton, N. J. (SP, PC) 

CALDWELL, DONALD C., (m) Associate Engr., Aerodynamics—Pro- 
pulsion Div., The Martin Co., Baltimore 20, Md. Home: 1802 
Ingram Rd., Baltimore 14, Md. (SP) 

CALDWELL, FRANK W., (m) Consulting Engr., 54 Pilgrim Rd., West 
Hartford, Conn. (RJ, PC) 

CALHOUN, JOHN T., (m) Design Engr., Beech Aircraft Corp., Wichita 
1, Kan. Home: 944 N. Old Manor Rd., Wichita, Kan. 

CALHOUN, PHILIP C., (m) Lt. Col., USAF, APO #253, New York, 
N.Y. Home: 2668 Via Pacheco, Palos Verdes Estates, Calif. 
(SP, LR) 

CALHOUN, WILLIAM D., (m) Sales Engr., Haynes Stellite Co., A Di- 
vision of Union Carbide Corp., 2770 Leonis Blvd., Los Angeles 
58, Calif. Home: 3118 Encinal Ave., LaCrescenta, Calif. (SP, LR) 

CALTABIANO, SALVATORE, (a) Senior Propulsion Analyst, Propul- 
sion Section, Chance Vought Aircraft Inc., Dallas, Texas. Home: 
834 Ryan Rd., Dallas, Texas. (LR, PC) 

CAMBEL, ALI BULENT, (f) Professor of Mechanical Engrng., North- 
western University, Evanston, Illinois. Home: 624 Colfax St., 
Evanston, Illinois. (PC) 

CAMERON, DONALD A., (s) Systems Engr., Electric Boat Div.; Gen- 
eral Dynamics Corp., Groton. Conn. Home: 44 Anawan Ave., 
West Roxbury 32, Mass. (SP, LR) 

CAMPBELL, ALBERT S., (m) Chief, Precision Measurements Lab., 
E.M.L. Standards & Calibration Br., WSPG, Las Cruces, N. M. 
Home: 1713 Princess Jeanne Dr., Las Cruces, N. M. 

CAMPBELL, ERNEST D., (m) Rocket Res. Chem., U. S. Naval Ord- 
nance Test Station, China Lake, Calif. Home: 213A Fowler St., 
China Lake, Calif. (RJ, PC) 

CAMPBELL, PAUL B., (m) Specialist, Ground Support Equipment, 

_ General Electric Co., Evendale, O. Home: 3794 E. Galgraith Rd., 
-Amberly Village 36, O. 


CAMERON, ERWIN E., (m) Physicist, Field Measurements Branch, 
Flight Determination Laboratory, WSPG, N. M. Home: 1821 E. 
Missouri, Las Cruces, N. M. (IG, SP) 

CAMERON, EWEN K., (m) Propulsion Engr., The Martin Co., Balti- 
more 4, Md. Home: 2500 Putty Hill Ave., Baltimore 4, Md. 
CAMERON, IRVINE R., (m) Head of Propellants Section, Explosives 
Wing, Canadian Armament Research & Development Est. P.O. 
Box 1427, Quebec, Canada. Home: 1431 Villars, Sillery, Quebec 

6, Canada. (SR) 

CAMPBELL, FRANCIS W., (m) Lt. Coy. USAF, Asst. Chief, Air De- 
fense Div., Weapons Systems Plans, Hq. ARDC, Baltimore, Md. 
Home: 202 Minta Corrt, N. Linthicum, Md. (IG, SP) 


CAMPBELL, JOSEPH M., (m) Schedules Engr., Convair Astronautics, 
A Division of General Dynamics Corp., 3165 Pacific Highway, 
San Dego, Calif. Home: 5625 Chelsea Ave., La Jolla, Calif. (SP) 

CAMPBELL, PAUL A., (m) Col. USAF (mc) Special Ass’t to Com- 
mander Air Force, Office of Scientific Research, USAF, Wash- 
ington 25, D. C. Home: 4527 Macomb St., Washington 16, D.C. 
(SP) 

CAMPBELL, WILLIAM E., (m) Director of Quality Control, Aerojet- 
General Corporation, P.O. Box 286, Azusa, Calif. Home: 1909 
Galbreth Rd., Pasadena 7, Calif. (SR, LR) 

CAMPER, BENTON B., (m) Proj. Engr., Res. & Develp., U. S. Army. 
Home: Apt. 78, Bohemian Gardens, Calderwood Lane, Sacra- 
mento, Calif. 

CANADY, JACK D., (a) Tool & Diemaker, Boeing Airplane Company, 
3801 So. Oliver, Wichita, Kan. Home: 4546 So. Handley, Wichita 
13, Kan. (SP, PC) 

CANADY, WARD M., (a) President, The Overland Corp., 500 Security 
Bidg., Toledo 4, Ohio. 

CANCILLA, MYRON A., (m) Res. Engr., Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 1159 
—72nd St., Brooklyn 28, N. Y. (LR, SP) 


CANEPA, MANLIO A., (m) Assist. Proj. Engr., Combustion Div., Re- 
action Motors Inc., Denville, N. J. Home: 94 D Marion Pepe Dr., 
Lodi, N. J. (LR, PC) 

CANNEY, HEYWARD E., JR., (m) President, General Astronautics 
Corporation, Box 26, Oyster Bay, N. Y. Home: Route 4, Box 
56, Huntsville, Ala. (SP, IG) 

CANNON, JOHN N., (a) Engr., Aerophysics Dept., North American 
Aviation Inc., 12214 Lakewood Blvd., Downey, Calif. Home: 
15116 Mystic St., Whittier, Calif. (RJ, SP) 

CANNOVA, RICHARD D., (m) Supverisory Chemical Engr., Propulsion 
U. S. Naval Ordnance Test Sta., 3202 E. Foothill Bivd., Pasadena 
8, Calif. Home: 686-A Mira Monte Pl., Pasadena 4, Calif. (LR, PC) 

CANRIGHT, RICHARD B., (m) Missile Power Plant Engr., Douglas 
Aircraft Company, 3000 Ocean Park Blvd., Santa Monica, Calif. 
Home: 2561 S. Bundy Dr., Los Angeles 64, Calif. (LR, SR) 

CAQUETTE, ZEPHIRIN, (a) Jr. Designer, Engrng., Pratt & Whitney 
Aircraft Corp., 400 Main St., East Hartford, Conn. Home: 10 
Echo Dr., RFD #1, Rockville, Conn. (SP, RJ) 


CAPASSO, VINCENT N., JR., (m) Test Engr. A, Convair, A Division 
of General Dynamics Corp., Edwards Rocket Base, Edwards 
AFB, Calif. Home: 408 E. Kettering, Lancaster, Calif. (LR, SP) 

CAPELOTO, JOSEPH, (m) Power Plant Engr., Missiles, Douglas Air- 
craft Co., 3000 Ocean Park, Santa Monica, Calif. Home: 16 
Circle Dr. 4, Edwards, Calif. (IG, LR) 

CAPOBIANCO, EUGENE, (m) Academy of Aeronautics, LaGuardia 
Airport, New York. N. Y. Home: 8752 26th Ave., Brooklyn 14, 
N. Y. (IG, SR) 

CARAIVAN, JORDAN, (a) Philadelphia Metal Stamping Co. of Penn. 
400-412 E. Rittenhouse St., Phila. 44, Pa. Home: 5337 Greene 
St., Phila. 44, Pa. (RJ, SP) 

CARAS, BERNARD, (a) Nucir. Engr., The Martin Co., Baltimore, 

CARAWAY, W. HODGE, (m) Petroleum Engr., U. S. Bureau of Mines, 
1415 Appraisers Bidg., 630 Sansome St., San Francisco, Calif. 
Home: 2020 Green St., Apt. 8, San Francisco, Calif. 

Md. Home: c/o Jackson, 170 E. B’way, Long Beach, N. Y. (SP) 

CARBINE, IVAN L., (m) Assoc. Elec. Engr., Physical Science Labora- 
tory, New Mexico College of A. & M., Box 548, State College, 
N. M. Home: Box 8, Star Route, Las Cruces, N. M. (SP, IG) 


CARDULLO, MARIO WILLIAM, (s) Research Assist., Mechanical En- 
gineering, Polytechnic Institute of Brooklyn, 99 Livingston St., 
Brooklyn 1, N. Y. Home: 651 DeGraw St., Brooklyn 17, N. Y. 
(PC, SP) 

CAREY, LEE, (m) Rocket Installations Engr., Rocket Division, Bell 
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CARROLL, JOHN J., (m) Design Engr., Nuclear Projects Dept., Liquid 
Engine Division, Aerojet-General Corp., Irwindale Ave., Azusa, 
Calif. Home: 19034 Hollyvale, Glendora, Calif. (SP, LR) 

CARROW, JOHN W., Ill, (m) General Sales Mgr., Haveg Industries 
Inc., 900 Greenbank Rd., Wilmington 8, Del. Home: 2646 W. 
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CHILDRESS, JOHN W., JR., (a) Ordnanceman, U. S. Naval Ammuni- 
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CHMIELEWSKI, GERALD E., (s) Parks College of Aeronautical Tech- 
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craft Co., 825 Maple St., Wichita, Kansas. Home: Toril, Davao 
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DUTTON, ROY A., (m) Chief Administrative Engr., AiResearch, A Divi- 
sion of The Garrett Corp., 9851 Sepulveda Bivd., Los Angeles 45, 
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A Division of Union Carbide Corp., 686 Frelinghuysen Ave., New- 
ark, N. J. Home: 32 Brown Terrace, Cranford, N. J. (LR, PC) 

FARRAN, FRANK F., (m) Proj. Engr., Detroit Controls Corp., 1650 
Broadway, Redwood City, Calif. Home: 20682 Scofield Dr., Cup- 
ertino, Calif. (SR) 

FARRAN, RICHARD A., (m) Assoc. Engr., Missiles Engrng., Douglas 
Aircraft Co., Inc., 3000 Ocean Park Blvd., Santa Monica, Calif. 
Home: 2846 Burkshire, Los Angeles 64, Calif. (LR, PC) 

FARRAR, IVIE M., JR., (m) Proj. Engr., Ramjet Branch, Eng. Test 
Facility, ARO, Inc., Tullahoma, Tenn. Home: 1004 Bragg Circle, 
Tullahoma, Tenn. (IG, RJ) 

FARRELL, FRANK C., (m) Assistant Chemist, Res. & Development 
Dept., Grand Central Rocket Co., Box 111, Redlands, Calif. 
Home: 9354 High Ave., Redlands, Calif. (SR, SP) 

FARRINGTON, WILLIAM B., (m) Continental Research Corporation, 
40 Wall St., New York 5, N. Y. Home: 461 Grove St., Montclair, 
NM. 3. 

FAUPEL, WILLIAM F., (m) Missile Test Engr., Convair-Astronautics, 
A Div. of General Dynamics Corp., Pacific Highway, San Diego, 
Calif. Home: 4383 Pocohontas Ave., San Diego 17, Calif. (IG, SP) 

FAUST, JOHN DALY, (s) University of California, Berkeley 4, Calif., 
Home: 2421 Durant Ave., Apt. #3, Berkeley 4, Calif. 

FAUSTER, JOSEPH F., (s) Ace Aircraft Inc., West Bend, Wisc. Home: 
513 Third Ave., West Bend, Wisc. (RJ, SP) 


FAUSTER, KENNETH B., (s) Home: 513 Third Ave., West Bend, Wis. 


_ FAY, JAMES W., (m) Treasurer, Reaction Motors, Inc., Ford Rd., 


Denville, N. J. Home: Wingate Rd., RR #2, Parsippany, N. J. 


FAZIO, LOUIS, (s) Academy of Aeronautics La Guardia Airport, 


N. Y. Home: 63-20 Boelsén Cres., Rego Park 74, N. Y. (RJ, SP) 


FEARN, RALPH F., (m) Test Engr., Convair, A Div. of General Dy- 
namics Corp., Edwards Rocket Base, Calif. Home: 1250 W. 
Kettering, Lancaster, Calif. 

FEDARKO, WILLIAM N., (m) Proj. Engr., Reaction Motors, Inc., Den- 
ville, N. J. Home: 471 Brairhill Rd., Springfield, Del. Co., Pa. 
(IG, RJ) 

FEHR, THOMAS W., (m) Assist. Sr. Engr., Test and Field Services Div., 
Aerojet-General Corp., P.O. Box 296, Azusa, Calif. Home: 314 So. 
Cedar Dr., Covina, Calif. (LR, SP) 

FEHRMAN, ALVIN L., (m) Captain USAF, Institute of Technology, 
Wright Patterson AFB, O. Home: 1624 Redbush Ave., Dayton 10, 
O. (RJ, SP) 

FEICHT, EDWARD R., (m) Major, USAF, Air Res. & Development Com- 
mand, Baltimore, Md. Home: 1239 Gleneagle Rd., Baltimore 12, 
Md. (IG, SP) 

FEILER, CHARLES E., (m) Aeronautical Res. Scientist, NACA-Lewis 
Flight Prop. Labs., 21000 Brookpark, Cleveland 11, O. Home: 
14317 Bayes Ave., Lakewood 7, O. (LR, PC) 

FEIRSON, SANFORD D., (s) University of Wichita, Wichita, Kan. 
Home: 1157 N. Pershing St., Wichita 14, Kan. (iG, SP) 

FELD, DAVID, (m) Power Plant Systems Engr., Rockets Div., Bell Air- 
craft Corp., Buffalo, N. Y. Home: 379 Faraday Rd., Kenmore 
23, N. Y. (LR) 

FELDMAN, SAUL, (m) Principal Res. Scientist, Research Laboratory, 
Avco Mfg. Corp., 2385 Revere Beach Pky., Everett 49, Mass. 
Home: 98 Chelsea St., Everett 49, Mass. (SP) 

FELDSCHER, JOHN C., (m) Mgr. Rocket Div., Goodyear Aircraft Corp., 
1210 Massillon Rd., Akron 15, O. Home: 715 W. Maple St., 
N. Canton, O. (LR, SR) 

FELLIN, CORNELIUS S., (a) Home: 43-60 195th St., Flushing 58, N. Y. 
(IG, SP) 

FELLION, GLENN R., (m) Sr. Proj. Eng. Guided Missile Div., Firestone 
Tire & Rubber, 2525 Firestone, Los Angeles, Calif. Home: 6833 
N. Muscatel Ave., San Gabriel, Calif. 

FELT, N. ELLIOTT, JR., (m) Operations Mgr., The Martin Co., Mail 
#R534, Baltimore, Md. Home: 12° Dublin Dr., Lutherville, Md. 


(IG, SP) aged) 


FEI 


FEI 


FEI 


FER 


FEN 


FEN 


FEN 


FER 


FER 


FERC 


Hor 
FICKLED 
Inc. 
Cali 
FIELD, | 
tron 
Hou 
FIELDS, 
ton 
N. J 
FIFE, CH 
P.O. 


Loui: 
FILES, F. 
Philli 
Tex. 
FILSKOV, 
boke 


| 
= 
| 
= 
= 
= 
| = 
FERC 
FERG 
FERM 
FERO 
n 
FERRi 
te 
F 
FERRE 
1 
c 
FERRI 
tc 
N 
FERUL 
Ai 
Di 
FEUER 
La 
FEWEL 
Di 
Mc 
FEYK, 
Bh 
An 
FIALA, 
St. 
mo 
FICKES, 
Co 
Wh 
Lac 
40 


FELTS, ROBERT, (m) Proj. Engr., Missile Operations, Chrysler Corp., 
P.O. Box 2628, Detroit 31, Mich. Home: Rt. 1, Orchard Lake, 
Mich. (LR, RJ) 

FELZENBERG, ALBERT, (m) Electronic Engr., Pan American World 
Airways, Inc., OMU Box 308, Patrick AFB, Fla. Home: Box 1166, 
Eau Gallie, Fla. (IG, SP) 

FENN, JOHN B., (m) Director of Proj. SQUID, Forrestal Res. Center, 
Princeton University, Princeton, N. J. Home: RFD Rt. 3, Prince- 
ton, N. J. 

FENNINGER, CHARLES R., (m) Consolidated Western Steel Div., U. S. 
Steel Corp., 5700 South Eastern Ave., P.O. Box 2015, Terminal 
Annex, Los Angeles, Calif. (LR, SR) 

FENSKE, RUSSELL W., (m) Northwestern University, Evanston, Ill. 
Home: 929 North Astor St., Milwaukee 2, Wis. (LR, SP) 

FENTON, WALTER M., (m) Vice President, Lithium Corp. of America, 
Inc., Rand Tower, Minneapolis 2, Minn. Home: 4808 Colfax Ave., 
S. Minneapolis 9, Minn. (LR, PC) 

FENTON, WAYNE H., (m) Devel. Engr., Liquid Rocket Plant, Aerojet- 
General Corp., Sacramento, Calif. Home: 4010 Hillswood Dr., 
Sacramento 21, Calif. (LR) 

FERENCE, MICHAEL, JR., (m) Assoc. Director, Scientific Laboratory, 
Engrng. Staff, Ford Motor Co., 21500 Oakwood Blivd., Dearborn, 
Mich. Home: 635 Meadowline Rd., Dearborn, Mich. (IG, SP) 

FERGUSON, FRANK H., (a) Head, Flight Control Section, Proj. Van- 
guard, Naval Res. Laboratory, Washington 25, D. C. Home: 6519 
Oxon Hill Rd., Oxon Hill, Md. (IG, SP) 

FERGUSON, HARRY R., (m) Vice President, Thiokol Chemical Corp., 
780 N. Clinton Ave., Trenton 7, N. J. Home: Crown Terrace, 
Morrisville, Pa. 

FERGUSON, WALTER V., JR., (m) Design Engr., Group 596-15, Eng. 
Systems |, Rocketdyne, A Div. of North American Aviation, Inc., 
6633 Canoga Ave., Canoga Park, Calif. Home: 20540 Chase St., 
Canoga Park, Calif. (LR, SP) 

FERGUSON, WILLIAM A., (m) Industrial Engr., Guided Missiles, 
ABMA, Redstone Arsenal, Huntsville, Ala. Home: P.O. Box 345, 
Huntsville, Ala. (LR, SP) 

FERMAN, MARTY A., (s) Teaching Asst., Purdue University, West 
Lafayette, Ind. Home: 331 West Oak St., West Lafayette, Ind. (SP) 

FERO, LESTER K., (m) Systems Design Staff Engr., The Martin Co., 
Mail #3077, Baltimore 3, Md. Home: 7136 Heathfield Rd., Balti- 
more 12, Md. (LR,SP) 

FERRANTE, CARL, (s) Indiana Technical College, 223 East Washing- 
ton Bivd., Fort Wayne, Ind. Home: 131 East Creighton Ave., 
Fort Wayne, Ind. (PC, SR) 

FERREN, RICHARD O., (a) Sales Engr., Aviation Div., The Paquin Co., 
13405 St. Clair, Cleveland 10, O. Home: 6883 Greenleaf Ave., 
Cleveland 30, O. (LR, PC) 

FERRIS, DELACY F., (m) Mgr., Rocket Eng. Proj. Div., Reaction Mo- 
tors, Inc., Denville, N. J. Home: Valley View Rd., Morristown, 
N. J. (LR) 

FERULLO, HARRY A., (m) Director of Programs, Rockets Div., Bell 
Aircraft Corp., P.O. Box One, Buffalo 5, N. Y. Home: 88 Conant 
Dr., Kenmore 23, N. Y. (LR, PC) 

FEUER, HENRY, (m) Assoc. Prof., Chemistry, Purdue University, 
Lafayette, Ind. Home: 230} Littleton St., W. Lafayette, Ind. (PC) 

FEWEL, ROBERT AVERY, (m) Production Engrng. Supvr., Rocket Fuels 
Div., Res. & Development Dept., Phillips Petroleum Co., Box 548, 
McGregor, Texas. Home: 3400 Lyle Ave., Waco, Texas. (PC, SR) 

FEYK, JOHN A., (m) Systems Laboratories Corp., 15016 Ventura 
Bivd., Sherman Oaks, Calif. Home: 96084 National Bivd., Los 
Angeles 39, Calif. (SR, SP) 

FIALA, W. A., (m) Washington Rep., Aerojet-General Corp., 1625 Eye 
St. N.W., Washington, D. C. Home: 9319 E. Parkhill Dr., Balti- 
more, Md. (IG, LR) 

FICKES, WILLIAM H., Chief, Technical Analysis Branch, Frequency 
Coordination Program, U.S. Army White Sands Signal Agency, 
White Sands Proving Ground, N. M. Home: 1417 Boston Dr., 
Las Cruces, N. M. (IG, SP) 

FICKLE, KENNERD W., (s) Purdue University, West Lafayette, Ind. 
Home: Box 73, Rossville, Ind. 

FICKLEN, JOSEPH B., III, (m) Consultant, North American Aviation, 
Inc., Downey, Calif. Home: 1848 E. Mountain St., Pasadena 7, 
Calif. (PC, SP) 

FIELD, FREEMAN B. J. R., (s) Field Engr., Electronics Tech., Elec- 
tronics Lab., Great Lakes Petroleum Service Co., 12386 Robins, 
Houston, Texas. Home: 4017 Sayers, Houston 26, Texas. (IG, SP) 

FIELDS, ARTHUR K., (s) Polytechnic Institute of Brooklyn, 99 Livings- 
ton St., Brooklyn 1, N. Y. Home: 19 No. Frontenac Ave., Margate, 
N. J. 

FIFE, CHARLES E., (m) Sr. Contracting Engr., Div., U. S. Steel Corp., 
P.O. Box 2015, Terminal Annex, Los Angeles, Calif. Home: 8950 
S. Haas Ave., Los Angeles 47, Calif. (LR, SR) 

FIGUERAS, RICHARD, (s) Missiles Div., McDonnell Aircraft Corp., St. 
Louis, Mo. Home: 3443 W. Beach, Chicago, Ill. (IG, SP) 

FILES, F. M., (m) Mgr., Manufacturing Branch, Rocket Fuels Div., 
Phillips Petroleum Co., McGregor, Tex. Home: 4201 Erath, Waco, 
Tex. (SR, SP) 

FILSKOV, ALFRED H., JR., (s) Stevens Institute of Technology, Ho- 

boken, N. J. Home: 49 Wellington Ave., Short Hills, N. J. (SR, SP) 


FINDLAY, LLOYD W., SR., (m) Supvr. Engrng. Services, Aerojet-Gen- 
eral Corp., P.O. Box 1947, Liquid Rocket Plant, Sacramento, 
Calif. Home: 10518 Malvasia Way, Rancho Cordova, Calif. (LR) 

FINE, ALECK, (m) Res. Specialist, Lockheed Aircraft Corp., San Jose, 
Calif. Home: 1751 Montemar Way, San Jose, Calif. (PC, SR) 

FINGER, ELMER I., (m) Test Supvr., General Electric Co., Malta Test 
Sta., Ballston Spa, N. Y. Home: 108—2nd St., Scotia 2, N. Y. 
(LR, PC) 

FINGER, JOHN C., (m) Res. Engr., Rocketdyne, A Division of North 
American Aviation, Inc., Canoga Park, Calif. Home: 19538 Blythe 
St., Reseda, Calif. 

FINGERET, HAROLD, (s) Academy of Aeronautics, LaGuardia Air 
port, New York, N. Y. Home 1111 Ocean Ave., Brooklyn, N. Y. 
(IG, SP) 

FINK, DANIEL J., (m) Chief Proj. Engr., Allied Research Associates, 
Inc., 43 Leon St., Boston 15, Mass. Home: 17 Peacock Farm Rd., 
Lexington 73, Mass. (SP) 

FINK, FRANK W., (m) Vice Pres. & Chief Engr., Ryan Aeronautical 
Co., Lindbergh Field, San Diego 12, Calif. 

FINK, JERRY, (m) Asst. Legal Counsel, Civil Air Transport, Inc., 46 
Chung Shan Rd., North, Second Section, Taipei, Taiwan. Home: 
RD #4, Irwin, Penn. (SP) 

FINKELSTEIN, DON B., (m) Proj. Engr., Del Mar Engineering Lab- 
oratories, 2322 Sawtelle Blvd., Los Angeles 64, Calif. Home: 
206 Paseo De Suenos, Redondo Beach, Calif. (LR, PC) 

FINLAY, WILLIAM H., (a) Adviser, Spacesondes, Physical Sciences, 
Academy of Sciences, Acton, Canberra, A.C.T. Australia. Home: 
Barton House, Brisbane Ave., Canberra, A.C.T., Australia.(LR, SP) 

FINLEY, WILLIAM L., (m) Assoc. Res. Engineer-A, Weapons System 
Development, B-52, Boeing Airplane Co., Plant Two, Seattle 14, 
Wash. Home: 19317 Meridian, Seattle 33, Wash. (SP) 

FINNERAN, LEO E., (m) Electrical Design Engr., Aerojet-General 
Corp., P.O. Box 1947, Sacramento, Calif. Home: 3317 Morse 
Ave., Sacramento 21, Calif. (1G) 

FINNEY, ALBERT T., (m) Technical Staff, Systems Test Div., Ramo 
Wooldridge Corp., 8860 Bellanca, Los Angeles, Calif. Home: 527 
San Vincente, Apt. 4, Santa Monica, Calif. (IG, LR) 

FINSTON, MORTON, (m) Asst. Professor, Aeronautical Engineering, 
Massachusetts Institute of Technology, Cambridge 39, Mass. 

FIOCK, ERNEST F., (m) Director, Tech. Devel. Branch, Rocket Fuels 
Div., Phillips Petroleum Co., P.O. Box 548, McGregor, Texas. 
Home: 4209 Grim Ave., Waco, Texas. 

FIORIO, FRANCO E., (m) Lieutenant-Colonel |.A.F., retired Centro 
Aeronautico & Atomico Italiano, Washington, D. C. Home: 639-T 
Arlington Towers, Arlington, Va. (LR, SP) 

FISCHBACH, JACK T., (m) Engr., Taylor Engineering, Inc., 2100 St. 
Paul St., Baltimore, Md. Home: 3831 Beech Ave., Baltimore 11, 
Md. 

FISCHER, ELLIOTT F., (m) Sr. Development Engr., Architect—Engr. 
Div., Aerojet-General Corp., Azusa, Calif. (LR, SR) 

FISCHER, MELVIN M., (s) Carnegie Institute of Technology, Pitts- 
burgh, Pa. Home: 5446 Black St., Pittsburgh 6, Pa. 

FISCHER, ROGER W., (m) Project Administrator, Eng. Div., American 
Bosch Arma Corp., Garden City, L. |., N. Y. Home: 23 Nelson 
St., Farmingdale, L. I., N. Y. 

FISHER, CHARLES E., (m) Ordnance Engr., Norris-Thermador Corp., 
5215 South Boyle Ave., Los Angeles 58, Calif. Home: 14046 La 
Barca Rd., La Mirada, Calif. 

FISHER, EDWIN N., (s) University of Nebraska, Rm. 4121, Selleck 
Quad., Lincoln, Neb. Home: Belle Center, O. (IG, LR) 

FISHER, JAMES H., (m) Member of Technical Staff, The Ramo Wool- 
dridge Corp., 5760 Arbor Vitae St., Los Angeles 45, Calif. Home: 
881—10th St., Manhattan Beach, Calif. (LR, SP) 

FISHER, KURT F., (m) Power Plant Design Dept., Chrysler Corp., 
Box 2628, Detroit 31, Mich. Home: 287 Charlevoix, Clawson, 
Mich. (LR, SP) 

FISHER, MARSHALL H., (m) Librarian, James Forrestal Research 
Center, Princeton University, Princeton, N. J. (IG, PC) 

FISHER, PAUL E., (m) Head, Control Section, Supersonic Track Div., 
3072, USNOTS, China Lake, Calif. Home: 307 B Tyler, China 
Lake, Calif. 

FISHER, WILLIAM T., (m) Electronic Specialist, Civil Service, USAF 
Drone Systems Test Branch, Holloman AFB, N. M. Home: Box 
47, High Rolls, N. M. 

FISHMAN, BERNARD, (m) Proj Engr., Simmonds Aerocessories, Inc., 
105 White Plains Rd., Tarrytown, N. Y. Home: 20 Stuyvesant 
Oval, New York 9, N. Y. (IG, LR) 

FISHMAN, NORMAN, (m) Assoc. Chem. Engr., Stanford Research 
Institute, Menlo Park, Calif. Home: 1160 Mayette Ave., San Jose 
25, Calif. (PC, SR) 

FISK, THOMAS M., (s) Long Island Agricultural & Technical Institute, 
Farmingdale, Long Island, N. Y. Home: 118-17 Farmers Blvd., 
St. Albans 12, N. Y. 

FITTON, CLIFF E., JR., (m) Chief, Design Branch, Rocket Devel. Div., 
Redstone Arsenal, Huntsville, Ala. Home: 304 Westmoreland 
Ave., Huntsville, Ala. (PC, SR) 

FITZGERALD, JAMES W., (m) Program Mgr., Reaction Motors Inc., 
Ford Rd., Denville, N. J. Home: Sunrise Dr., Morris Plains, N. J. 
(LR) 
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FITZGERALD, WILLIAM H., (m) Eastern Regional Mgr., General Mills, 
Inc., 1300 Connecticut Ave. N.W., Washington 6, D. C. Home: 
2305 Bancroft Pl. N.W., Washington 8, D. C. (IG, SP) 

FITZSIMMONS, ROBERT J., (a) Assoc. Engr., Experimental Aero- 
dynamics Dept., The Martin Co., Middle River, Md. Home: 1902 
Ramblewood Rd., Baltimore, Md. 

FLACH, DONALD O., (m) Asst. Supvr. Engrng. Development Lab. 
Becco Chemical Div., Food Machinery & Chem. Corp., Station 
B, Buffalo 7, N. Y. Home: 78 Sedgemoor Crt., Williamsville 21, 
N. Y. (LR) 

FLAHARTY, CLIFFORD L., (m) Electrical Engr., The Martin Co., P.O. 
Box 179, Mail A-28; Denver 1, Colo. Home: 5310 Garrison St., 
Arvada, Colo. (IG, SP) 

FLAHERTY, WILLIAM J., (m) Sr. Engr., Solid Engine Div., Aerojet- 
General Corp., Azusa, Calif. Home: 4537 Belita Lane, La Canada, 
Calif. (LR, SR) 

FLAMM, HENRY F., (m) RCA, Moorestown, N. J. Home: 1730 So. 
Alamo St., Las Cruces, N. M. 

FLANDERS, JAMES H., (m) Head, Design Section, Tactical Group, 
Instrumentation Lab., Massachusetts Institute of Technology, 
Room W-315B, 68 Albany St., Cambridge 39, Mass. Home: 7 
Buckingham PIl., Cambridge 38, Mass. 

FLAX, ALEXANDER H., (m) Asst. Director—Technical, Cornell Aero- 
nautical Laboratory, Inc., 4455 Genesee St., Buffalo 21, N. Y. 
Home: 338 S. Freeman Rd., Orchard Park, N. Y. (SP) 


FLEE, CHARLES R., (s) Purdue University, W. Lafayette, Ind. Home: 
421 N. Colorado Ave., Indianapolis 1, Indiana. (IG, SP) 

FLEMING, FRANK F., (m) Aeronautical Res. Engr., Redstone Arsenal, 
Huntsville, Ala. Home: 1901 Lafayette Rd., Huntsville, Ala (SR) 

FLEMING, PAUL W., (s) A/l1c, 57th Fighter Interceptor Squadron, 
Box 12, APO 81, New York, N. Y. Home: 1432 NW 32, Oklahoma 
City, Okla. 

FLEMMING, ROBERT M., (m) Engrng. Supvr., Minneapolis-Honey- 
well Regulator Co., 1915 Armacost Ave., Los Angeles 25, Calif. 
Home: 714 Larch St., Inglewood, Calif. 

FLETCHER, DAVID A., (m) Asst. Head, Chemistry Dept., Grand Cen- 
tral Rocket Co., Box 111, Redlands, Calif. Home: Rt. 1, Box 573, 
Redlands, Calif. (PC, SR) 

FLETCHER, JAMES C., (m) Ramo-Wooldridge Corp., 5760 Arbor Vitae, 
Los Angeles 45, Calif. Home: 4119 Fairway Blvd., Los Angeles 
43, Calif. 

FLICKINGER, DON, (m) Brigadier General, Commander European 
Office, ARDC., Air Force, Shell Bidg., Brussels, Belgium. Home: 
2358 Highland Ave., Altadena, Calif. (SP) 

FLINT, CECIL R., (m) Lt. Col., Propulsion Wind Tunnel, Facility Div., 
Hq. Arnold Engineering Devel. Center, Hq. AEDC, Tullahoma, 
Tenn. 

FLOGAUS, WILLIAM S., (m) Chief Design Engr., Sundstrand Machine 
Tool Co., 2480 West 70th Ave., Denver 11, Colo. Home: 1010 
Sherman, Denver 3, Colo. (IG, PC) 

FLOOD, ARTHUR F., (m) Executive Vice President & Comptroller, 
Fairchild Engine & Airplane Corp., Box 770, Hagerstown, Md. 
Home: 519 Gordon Circle, Hagerstown, Md. 

FLORENCE, GERALD A., (s) Northwestern University, Evanston, Ill. 
Home: 4850 W. Fletcher St., Chicago 41, Ill. 

FLORMAN, IRVING S., (m) Pressurization Systems Group Head, Pro- 
pulsion Section, The Martin Company, Denver, Colo. Home: 4980 
W. Vassar Ave., Denver, Colo. (LR, PC) 

FOA, JOSEPH V., (m) Professor of Aeronautical Engrng. Rensselaer 
Polytechnic Institute, Troy, N.Y. Home: 33 Point View, Troy, N.Y. 

FOBER, FREDERICK C., (m) Industrial Training Consultant, Fober & 
Assoc., 1149 Cornelia, Chicago 13, Ill. (RJ, SP) 

FOERSTER, WILBERT G., (s) USAF, 2nd Bomb Wing 2nd Armament 
and Electronics, Maint. Sqd., Box 140, Hunter AFB, Savannah, 
Ga. Home: Rt. #1 ,Box 199, Elkhart Lake, Wis. (IG, SP) 

FOGEL, IRVIN N., (a) Accountant, Missile Systems Div., Lockheed 
Aircraft Corp., Van Nuys, Calif. Home: 8445 Etiwanda Ave., 
Northridge, Calif. 

FOGEL, JERRY, (s) Indiana Technical College, W. Washington St., Ft. 
Wayne, Ind. Home: 3220 Clinton Ct., Ft. Wayne, Ind. (LR, SP) 

FOGEL, LAWRENCE J., (a) Human Engr., Convair, A Div. of General 
Dynamics Corp., San Diego 12, Calif. Home: 3416 Buena Vista, 
San Diego 9, Calif. (IG, SP) 

FOGLIA, SILVINO, (s) University of Detroit, McNichols Rd., Detroit 
21, Mich. Home: 145 W. McMillan St., Cincinnati 19, O. (PC, SP) 

FOKKINGA, GERARD Y., (m) Chief Engr., Free Flight Model Res., 
National Aeronautical Research Institute, 145 Sloterweg, Amster- 
dam, Holland. Home: 6 Boranse Nassaulaan, Amsterdam, Holl. 

FOLDS, LOU, (a) Folds Ice Skating Studio, 1029 S. Wabash Ave., Chi- 
cago 5, Ill. (IG, SP) 

FOLEY, JAMES E., (m) Lt.-Col. USAF, Box 25, Plans & Requirements 
Hq. Air Defense Command, Colorado Springs, Home: 6419 N. 
Smedley St., Philadelphia, Pa. (RJ, SP) 

FOLEY, ROBERT A, (s) AEW Radar Tech., 551EM Squadron, Otis 
AFB, Mass. Home: 1352—67th St., Brooklyn 19, N. Y. (IG, SP) 

FOLKERTS, KEITH D., (m) Design Engr., Architect-Engineer Division, 

_ Aerojet-General Corp., Azusa, Calif. Home: 1141 Cedarbrook St., 


W. Covina, Calif. (LR) 


FOLSOM, RICHARD G., (m) Director, Engrng. Res. Institute, Uni- 
versity of Michigan, Cooley Bldg., North Campus, Ann Arbor, 
Mich. Home: 2211 Avalon Place, Ann Arbor, Mich. (LR, SR) 

FONG, MICHAEL C., (m) Res. Assoc., Rocket Test Lab., The Ohio 
State University, Columbus 10, Ohio. Home: 89 W. Lane Ave., 
Columbus 1, Ohio. (PC, SP) 

FONS, PHILLIP CORRIGAN, (m) Supvr., Engrng. Test Section, Rocket- 
dyne, A Division of North American Aviation, Inc., Canoga Park, 
Calif. Home: Box 248, Woodland Hills, Calif. (LR, SP) 

FORBES, FORREST S., (m) Sr. Proj. Engr., Power Plant Laboratory, 
WADC, Wright-Patterson AFB, O. Home: 819 Greenmount Blvd., 
Dayton 9, O. (PC) 

FORD, FRANK J., (s) Academy of Aeronautics, LaGuardia Airport, 
Flushing, N. Y. Home: 2538 Hering Ave., New York 69, N. Y. 
(RJ, SP) 

FORD, FREDERICK A., JR., (m) Sr. Staff Engr., Guided Missile Res. 
Div., The Ramo-Wooldridge Corp., 5730 Arbor Vitae St., Los 
Angeles 45, Calif. Home: 9001 2nd Ave., Inglewood 4, Calif. 
(LR, SP) 

FORD, JOHN P., (m) Experimental Rocket Eng. Test Station, AFFTC, 
Code FTREC, Edwards A.F.B., Edwards, Calif. Home: 45335 
Gasden St., Lancaster, Calif. (IG, SP) 

FORD, RICHARD W., (m) Rocket Facilities Foreman, FTROM-2, Rocket 
Base, Edwards, Calif. (LR, PC) 

FORE, WALLACE E., (m) Plant Engr., Los Angeles Div., North Amer- 
ican Aviation, Inc., 5701 Imperial Highway, Los Angeles, Calif. 
Home: 5716 Murietta Ave., Van Nuys, Calif. 

FORMAN, LOUIS B., (a) Head, Elect. Design Dept., Missile Opera- 
tions, Chrysler Corporation, Detroit 31, Mich. Home: 19137 Penn- 
ington Dr., Detroit 21, Mich. (IG) 

FORMES, TOWNSEND KARL, (m) Asst. Director, Technical Services 
Div., Grand Central Rocket Co., Box 111, Redlands, Calif. Home: 
331 North Old Ranch Road, Arcadia, Calif. (SR) 

FORSLUND, GERALD M., JR., (m) Res. Engr., Rocketdyne, A Division 
of North American Aviation, Inc., Canoga Park, Calif. Home: 
155 El Camino Real, San Mateo, Calif. (LR, SP) 

FORTINI, ANTHONY, (m) Aero. Res. Scientist, Rocket Laboratory, 
NACA, Cleveland Airport, Cleveland, O. Home: 3903 W. 162, 
Cleveland 11, Ohio. (LR, PC) 
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GUSTAVSON, JOHN, (m) Design Engr., Preliminary Design & Sys- 
tems Analysis, Convair-Astronautics, A Div. of General Dynamics 
Corp., Pacific Highway, San Diego 12, Calif. Home: 4484 Illinois 
St., San Diego 16, Calif. (PC, SP) 

GUNTER, THOMAS E., (s) Home: 836 Gilmer Ave., Tallahassee, Fla. 

GURNEE, ROBERT L., (m) Washington Rep., Food Machinery & Chem- 
ical Corp., Wyatt Bldg., Washington, D. C. Home: 8010 Aberdeen 
Rd., Bethesda, Md. 

GURRERA, JOSEPH J., (m) Head of Rocket Product Engrng. Sect., 
M. W. Kellogg Company, Foot of Danforth Ave., Jersey City, 
N. J. Home: 48 Briar Hills Circle, Springfield, N. J. 

GUTERMAN, FREDERICK H., (m) Asst. Vice Pres., Programs Planning, 
Arma, A Division of American Bosch Arma Corporation, Roose- 
velt Field, Garden City, N. Y. Home: 1200 Fifth Ave., New York 
29, N. Y. (IG) 

GUTHRIE, CHARLES REX, (a) Res. Engr., Preliminary Design, North 
American Aviation, Inc., Columbus, O. Home: 2042 Rankin Ave., 
Columbus 19, O. (LR, PC) 

GUTTERMAN, SEYMOUR, (m) Mechanical Engr., Rocketdyne, A Divi- 
sion of North American Aviation, Inc., Canoga Park, Calif. 

GUTTMANN, KARL HANS, (m) Nuclear Advisor to Executive Vice 
Pres., High Energy Fuels Organization, Olin Mathieson Chemical 
Corp., 1700 “K” St., N.W., Washington, D. C. Home: 5545 
Holmes River Parkway, Alexandria, Va. (RJ, SP) 

GUY, CHARLES W., (m) Assist. General Mgr., Rocketdyne, A Division 
of North American Aviation, Inc., 6633 Canoga Ave., Canoga 
Park, Calif. Home: 17230 Sunburst St., Northridge, Calif. (LR) 

GUY, STEVEN A., (m) Dir., Electronics Div., Telefilm, Inc., 6039 Hol- 
lywood Bivd., Los Angeles 28, Calif. Home: 1055 Meadowbrook 
Ave., Los Angeles 19, Calif. (IG, LR) 

GUZEKO, MAX E., Service Rep., Reaction Motors, Inc., Denville, N. J. 
Home: 88—7th Ave., Clifton, N. J. 

GUZZO, ANTHONY T., (a) Chemical Engr., Utah Div., Thiokol Chemi- 
cal Corporation, Brigham City, Utah. Home: 537 No. 2nd East | 
St., Brigham City, Utah. (LR, SR) 


__ 
HAAG, GORDON E., (m) Assoc. Supvr., Controls, Rocketdyne, A 


Division of North American Aviation, Inc., Canoga Park, Calif. 
Home: 24508 Wing Field Rd., Calabasas, Calif. (IG, SP) 

HAAS, J. DONALD, (m) Washington Representative, Explosives Div., 
Olin Mathieson Chem. Corp., 1700 K St., N.W., Washington 6, 
D. C. (SR, SP) 

HAAS, GREGORY M., (s) Lamar State College, Beaumont, Tex. Home: 
2663 McFadden, Beaumont, Tex. 

HAAS, JOHN E., (a) Instrumentation Tech., Leadman, Aerojet-General 
Corp., P.O. Box 1168, Sacramento, Calif. Home: 3500 Winston 
Way, Carmichael, Calif. (IG, LR) 

HAAS, JOSEPH F., JR., (m) University of Michigan, Ann Arbor, Mich. 
Home: 8171 Forestlawn, Detroit 34, Mich. 

HAASE, GUENTHER W. A. (m) Doctor of Engrng., Rocket Div., Bell 
Aircraft Corp., Buffalo, N. Y. Home: 260 Campus Dr., Snyder, 
N. Y. (LR, SP) 

HABER, HEINZ, (m) Chief Science Consultant & Visiting Prof. of 
Engrng., Walt Disney Productions, Burbank, Calif. Home: 411 S. 
Barrington Ave., Los Angeles 49, Calif. 

HABERMAN, EUGENE G., (m) Assoc. Proj. Engr., Power Plant Lab- 
oratory, Wright Air Development Center, WPAFB, O. Home: 2320 
Bronx Park E., Bronx, N. Y. (LR, PC) 

HABERSTROH, ALEX, (a) Haberstroh Studios, Inc., 479 Sixth Ave., 
New York 11, N. Y. Home: 125 W. 16th St., N. Y. (SP) 

HACHERL, REGIS A., (m) Assoc. Res. Engr. A, Power Plant Research, 
Boeing Airplane Co., Seattle Wash. Home: 4601—119th Ave., 


S.E., Bellevue, Wash. (PC, RJ) 

HACKER, DAVID S., (a) Sr. Res. Engr., Chicago Midway Labs., Uni- 
versity of Chicago, Chicago, Ill. Home: 319 Wesley Ave., Evans- 
ton, Ill. (PC, SP) 


HACKER, GEORGE T., (m) Proj. Test Engr., Test Equipment Engrng., 
Hughes Aircraft Co., P.O. Box 5555, Tucson, Ariz. Home: 4 N. 
Longfellow Ave., Tucson, Ariz. (IG) 

HACKMAN, K. V., (m) Pres. & Gen. Mgr., Southwest Products Co., 
1705 S. Mountain, Monrovia, Calif. Home: 1124 Rancho Road, 
Arcadia, Calif. (IG, SP) 

HADDAD, MICHAEL T., (s) Electronic Test Engr., Research Labora- 
tories Div., Bendix Aviation Corporation, 4885 Fouth Ave., 
Detroit, Mich. Home: Northwestern Highway & 10} Mile Road, 
Southfield Township, Mich. (IG, SP) 

HADEN, JIMMIE B., (m) Des. Engr., Power Plant, Convair, A Division 
of General Dynamics Corp., Grant’s Lane, Ft. Worth, Texas. 
Home: 5213 Vicke, Ft. Worth, Texas. (SR, SP) 

HADLEY, WILLIAM L., (m) Reliability Engr., Bell Aircraft Corp., P.O. 
Box 1, Buffalo, N. Y. Home: 319 Westchester, Kenmore 17, N.Y. 
(1G) 

HAEFELI, RUDOLPH C., (m) Group Engr., Aerodynamics, The Martin 
Co., Baltimore 3, Md. Home: 10 Felton Rd., Lutherville, Md.(SP) 

HAEUSSERMANN, WALTER, (m) Director of Guidance & Control! Lab., 
Army Ballistic Missile Agency, Huntsville, Ala. Home: 906 Sand- 
lin St., Huntsville, Ala. (1G) 

HAFNER, DONALD R., (m) Aero-Thermodynamics Engr., Missile De- 
velopment Div., North American Aviation, Inc., 12214 Lakewood 
Bivd., Downey, Calif. Home: 1226 Chevy Chase Dr., Anaheim, 
Calif. (RJ) 

HAGGARD, LEROY E., (m) Procurement Mgr., Chrysler Corp., P.O. 
Box 2628, Detroit 38, Mich. Home: 15558 Buckingham Dr., Bir- 
mingham, Mich. 

HAGGERTY, WILLIAM J., (s) University of Detroit, Detroit 21, Mich. 
Home: 734 Hickory St., Scranton 5, Pa. 

HAGEN, GLEN D., (m) Vice-Pres., Research, Warrington Oil Corpora- 
tion, 104 Monument Ave., Kissimmee, Fla. Home: 4115 West 
Rose St., Seattle 16, Wash. (IG, SP) 

HAGEN, PAUL H., JR., (s) Wichita University, Wichita, Kansas. Home: 
2720 Somerset, Wichita, Kansas. (IG, SP) 

HAGEN, ROGER W., (m) Analytical Engr., Combustion, Solar Aircraft 
Co., 2200 Pacific Hghwy, San Diego, Calif. Home: 1368 Roxanne 
Dr., El Cajon, Calif. 

HAGENMAIER, CARL F., (m) Military Relations Rep., Missile Sys- 
tems Div., Lockheed Aircraft Corp., Van Nuys, Calif. Home: 3956 
Palos Verdes Dr. N., Palos Verdes Estates, Calif. (IG, SP) 

HAGIST, WARREN M., (a) Assist. Prof. of Mechanical Engrng., Uni- 
versity of Rhode Island, Kingston, R. 1. Home: Tower Hill Rd., 
Saunderstown, R. |. (IG, SP) 

HAGLER, LOUIS H., (a) Engr., Sperry Gyroscope Co., A Div. of Sperry 
Rand Corp., Great Neck, L. I., N. Y. Home: 14 Wedgewood Lane, 
Wantagh, L. |., N. Y. (IG) 

HAHN, GEORGE C., (m) Proj. Engr., Metallurgy Dept., Stearns Roger 
Mfg. Co., 660 Bannock St., Denver, Colo. Home: 4770 Bow Mar 
Dr., Littleton, Colo. (PC) 

HAHN, JACK R., (m) Supvr. Large Thrust Chamber Ass’ys., Rocket- 
dyne, A Division of North American Aviation, Inc., Canoga Park, 
Calif. Home: 20155 Bryant St., Canoga Park, Calif. (LR, PC) 

HAHN, JOYCE A., (s) Home: 20155 Bryant St., Canoga Park, Calif. 
(LR, SP) 

HAHN, MILTON C., (m) Chief, Inspection Office, Rocket Engine Test 
Lab., Air Force Flight Test Center, Edwards AFB, Calif. Home: 
P.O. Box 626, Edwards, Calif. (PC) 

HAIT, JAMES M., (m) Vice Pres., Mgr. of Ordnance Div., Food Ma- 
chinery and Chemical Corporation, 1105 Coleman Ave., San 
Jose 6, Calif. Home: 11199 Cunon Vista Dr., San Jose 27, Calif. 

HAKALA, WILLIAM A., (a) Test Engr., Convair-Astronautics, A Div. of 
General Dynamics Corp., 3306 Pacific Hwy. Home: 6956 Colo- 
rado, La Mesa, Calif. 

HAKENJOS, FRED M., (m) Mgr., Smokeless Powder Sales, Explosives 
Dept., Hercules Powder Co., Wilmington 99, Del. Home: 608 Lore 
Ave., Wilmington 3, Del. (PC, SR) 

HAKES, RALPH C., (m) Pre Design Project Engr., Northrop Aircraft 
Inc., Hawthorne, Calif. Home: 417 N. Maria Ave., Redondo Bch., 
Calif. (LR, SP) 

HALAVAIS, RICHARD A., (a) Designer, Engrng. Southwestern Valve 
Corp., 2215 Standard Ave., Santa Ana, Calif. Home: 2167 Tustin 
Ave., Costa Mesa, Calif. (IG, SR) 

HALE, JOHN N., (m) Sr. Engr., Thermodynamics, North American 
Aviation, Inc., 12214 Lakewood Blvd., Downey, Calif. Home: 
12131 Cliffwood Ave., Garden Grove, Calif. (IG, RJ) 

HALECKY, JOHN P., (s) Chemical Corn Exchange Bank, 1 E. 42nd 
St., New York 17, N. Y. Home: 351—11th St., Brooklyn, N. Y. 

HALEY, ANDREW G., (m) Attorney-at-Law, General Counsel, American 
Rocket Society, 1735 DeSales St. N.W., Washington 6, D. C. 
(PC, SP) 


HALEY, EARLE D., JR., Liquid Rocket Plant, Aerojet-General 


(m) 


Corp., P.O. Box 1947, Sacramento, Calif. Home: 4212 Hill St., 
Fair Oaks, Calif. (LR, SP) 

HALEY, LAWRENCE B., (m) Mathematical Statistician, Management 
Services Branch, Army Ballistic Missile Agency, Huntsville, Ala. 
Home: 1704 La Grande, Huntsville, Ala. (IG, SP) 
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HALL, DONALD A., JR., (s) San Diego State College, College Ave., 
San Diego 15, Calif. Home: 3330 Xenophon St., San Diego, Calif. 
(LR, SP) 
ss HALL, DONALD E., JR., (a) Group Engr., Power Plant Test, North 
American Aviation Inc., 4300 E. 5th Ave., Columbus 13, Ohio. 
Home: 4404 Allen Dr., Columbus 13, Ohio. (LR, PC) 
- HALL, E. N., (m) Col., Ballistic Missile Div., ARDC, P.O. Box 262, In- 
glewood, Calif. Home: 2672 Via Pacheco, Palos Verdes, Calif. 
a HALL, HOWARD H., (s) Home: 11 Moser Place, Mt. Clemens, Mich. 
(LR, SP) 
JAMES N., (s) California Institute of Technology, Pasadena, 
: Calif. Home: 538 Brookside Lane, Sierra Madre, Calif. (IG, SR) 
HALL, KIMBALL P., (m) Res. Assoc., Dept. of Aeronautical Engrng., 
Princeton Univ., James Forrestal Research Center, Princeton, 
; N. J. Home: RFD 3, Box 519, Aqueduct Rd., Princeton, N. J. 
4 (PC, SR) 


P. _ HALL, RICHARD T., (s) Massachusetts Institute of Technology, Cam- 
bridge 39, Mass. Home: 1686 Rose Ave., San Marino, Calif. 


(PC, SP) 

HALL, RUSSELL S., (m) Section Chief—Preliminary Design & De- 
velopment, Advance Design, Allison Division, General Motors 
Corporation, P.O. Box 894, Indianapolis 6, Ind. Home: 77 St. N. 
_— Dr., Clarendon Rd., RR 14, Box 883, Indianapolis, Ind. (PC, RJ) 

_ HALL, THEODORE F., (m) ist Lt., USAF, 178-D Tinker Loop, Hollo- 

man AFB, N. M. (IG, SP) 
- HALL, WESLEY, L., (s) Home: 
(LR, PC) 

- HALL, WILLIAM B., (a) Head, Operations Research Group, Farns- 
worth Electronics Co., Pontiac St., Ft. Wayne, Ind. Home: 5203 
S. Anthony, Ft. Wayne, Ind. (IG, RJ) 

- HALL, WILLIAM T. Home: 564 W. Fifth Ave., Roselle, N. J. 

- HALL, WILLIAM P. III, (s) Point Loma High School, 2335 Chatsworth 
St., San Diego 6, Calif. Home: Box 6194 Point Loma Station, 
..« San Diego 6, Calif. (LR, SP) 

Ta a HALL, WILLIAM W., JR., (m) Capt. U. S. Army Signal Corps., Stu 
ry ' Det., Army Language School, Presidio of Monterey, Calif. (IG, SP) 
79 f. HALLAM, ROBERT S., (m) Er. Test Engr., Engrng. Test Lab., Convair, 

i A Division of General Dynamics Corp., Ft. Worth, Texas. Home: 


49 E. Burdick St., Oxford, Mich. 


6551 Calmont, Ft. Worth, Texas. (LR, PC) 
os HALLIDAY, JOHN W., (m) Engr., Flight Propulsion Lab. Dept., Gen- 
7 eral Electric Co., Malta Test Station, Ballston Spa, N. Y. Home: 

Hotel Schenectady, Schenectady, N. Y. (LR, PC) 

HALLISEY, HAROLD W., (s) 2nd Lt., U. S. Army. Home: P.O. Box 
328, Biddeford, Me. 

HALLMAN, JOHN R., (m) Test Engr., Convair, A Division of General 
Dynamics Corp., San Diego 12, Calif. Home: 621 Dennis Ave., 
Chula Vista, Calif. (LR, SP) 

HALLOCK, DAVID D., (s) Georgia Institute of Technology, Atlanta, 
Ga. Home: 7 Wadsworth Dr., Huntsville, Ala. 

HALPERIN, HERBERT H., (m) Sales Engr., Microwave Electronics Di- 

Pia vision, Sperry Gyroscope Co., A Division of Sperry Rand Corp., 

Lake Success, N. Y. Home: 811 Knapp Dr., Santa Barbara, Calif. 
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(IG, SP) 

HALPERT, ALBERT L., (m) Res. Engr., Stratos Div., 
& Airplane Corp., Bayshore, L. I., N. Y. Home: 
Island Pkwy., Whitestone 57, N. Y. (RJ, SP) 

HALPERT, PERCY, (m) Chief Engr., Aeronautical Equipment Div., 
Sperry Gyroscope Co., Div. of Sperry Rand Corp., Marcus Ave., 
Great Neck, N. Y. Home: 135 Bedell Ave., Hempstead, N. Y. 
(IG, SP) 

HALPIN, EUGENE P., (m) Tech. Assist. to General Mgr., Missile Sec- 
tion, Bendix Products Div., Bendix Aviation Corporation, 400 
South Beiger St., Mishawaka, Ind. Home: 1444 South Bend Ave., 
South Bend, Ind. (IG) 

HALWES, DON, A., (m) Staff Engr., Technical Services Div., Grand 
Central Rocket Co., P.O. Box 111, Redlands, Calif. Home: 25802 
27th St., San Bernardino, Calif. (SR) 

HAMANN, KENNETH R., (m) Chief Engr., Cleveland Recording Com- 
pany, 1515 Euclid Ave., Cleveland 15, O. Home: 22220 Macbeth, 
Parkview, O. (IG, SP) 

HAMILTON, JERRY, (s) Lee College, Lee Dr., 
2720 Wroxton St., Houston, Tex. 

HAMILTON, SAMUEL E., (m) Engr., Power Plant—Propulsion, North- 
rop Aircraft, Inc., Hawthorne, Calif. Home: 15717 Maple Ave., 
Gardena, Calif. (LR, SR) 

HAMLIN, BENSON, (m) Mgr. of Marketing, Rocket Engine Section, 
General Electric Co., AGT Div., Cincinnati, Ohio. Home: 9752 
Ross St., Montgomery, Ohio. (LR, SP) 

HAMLIN, CHAUNCEY J., JR., (m) Proj. Engr., Rocketdyne, A Division 
of North American Aviation Inc., 6633 Canoga Ave., Canoga 
Park, Calif. (LR, SP) 

HAMMOND, DONALD G., (a) Propulsion Engr., Propulsion Group, 
Convair, A Div. of General Dynamics Corp. Fort Worth, Texas. 
Home: 1907 B. Prevost, Fort Worth, Texas. (LR, SP) 

HAMPEL, VIKTOR E., (s) University of So. Calif., Los Angeles, Calif. 
Home: 
(RJ, SP) 


Baytown, Tex. Home: 


11651 W. Tennessee Ave., West Los Angeles, Calif. 
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HANCOCK, WILLIAM L., (m) Field Engr., Kocket Engine Section, 
Malta Test Station, General Electric Co., Schenectady, N. Y. 
Home: 340 N. Brandywine, Schenectady, N. Y. (IG, LR) 

HANES, ALFRED C., (m) Ist Lt. A03009255, Guided Missile Assem- 
bly & Launch Officer, 11th Tactical Missile Sqdn., USAF, APO 
130, New York, N. Y. Home: 628 Marble Crest Terrace, Fort 
Scott, Kansas. (1G, SP) 

HANEWINCKEL, DOYLE, JR., (s) University of Southern California, 
Los Angeles 7, Calif. Home: 4111 E. 11th St., Long Beach 4, 
Calif. (LR, SP) 

HANEY, BYRON E., (m) Development Engr., Rocket Section, Bell Air- 
craft Corporation, Post Office Box One, Buffalo 5, N. Y. Home: 
6505 Malvey Ave., Ft. Worth, Texas. (LR, PC) 

HANNUM, RICHARD W., (m) Combustion Development Engr., Avia- 
tion Gas Turbine Div., Westinghouse Electric Corp., 95th & 
Troost Sts., Kansas City, Mo. Home: 44 East Concord Ave., Kan- 
sas City, Mo. (PC, SP) 

HANRAHAN, JAMES S., (m) Center Historian, Chief, Holloman Air 
Devel. Center, ARDC., Holloman AFB, N. M. Home: Box 813, 
Holloman AFB, N. M. 

HANSELL, HAYWOOD S., 
Planning Service, General Electric Co., 425 
Wahington 4, D. C. Home: #1 Pike Branch Dr., 
Alexandria, Va. (SP) 

HANSEN, HAROLD S., (a) Staff Engr., Components Group, Servo- 
mechanisms, Inc., 1000 W. El Segundo Bivd., Hawthorne, Calif. 
Home: 464 EI! Medio Ave., Pacific Palisades, Calif. (IG) 

HANSEN, LARRY J., (m) Design Engr., Armour Research Foundation, 
10 W. 35th St., Chicago, Ill. Home: P.O. Box 183, Palos Park, III. 
(LR, SR) 

HANSEN, WALTER J., (m) Design Specialist, 
vision, Boeing Airplane Co., Seattle 14, Wash. Home: 
23rd Ave., S.W., Seattle 66, Wash. (LR) 

HANSON, ALBERT L., (s) lst Lt., Air Force University, Extension 
Course Institute, New Brunswick Sqd., New Brunswick, N. J. 
Home: 167 North St., Woodbridge, N. J. 

HANSON, ARNOLD A., (a) Assoc. Engr., DM-18 Power Plant, Missiles 
Div., Douglas Aircraft Co., Santa Monica, Calif. Home: 845 4th 
St., Santa Monica, Calif. (LR, SP) 

HANSON, AUGUST R., (m) Res. Assoc., Aeronautical Engrng., Uni- 
versity of Minnesota, Rosemount Aero. Lab., Rosemount, Minn. 
Home: Staff House 17, Rosemount, Minn. (SP) 

HANSON, GEORGE B., (a) Captain, USAF, Engrng. Staff Office, 5050th 
Comm.—Maint. Gp., APO 942, Seattle, Wash. Home: c/o J. |. 
Wolen, Williamsburg, West Virginia. (IG, PC) 

HANSON, RUSSELL I., (a) Assist. Prof. (Aeronautics) Chaffey College, 
5th and Euclid, Ontario, Calif. Home: 1276 N. 3rd Ave., Upland, 
Calif. (LR, RJ) 

HANSON, THURLOW E., JR., (s) Linfield College, McMinnville, Ore. 
Home: 1414 East 7th St., Newburg, Ore. 

HANSON, WILLARD E., (s) Home: 300 San Antonio Rd., Arcadia, 
Calif. 

HAPPEL, JOHN (m) Prof. and Chairman, Dept. of Chemical Engrng., 
New York University, Univ. Heights, New York 53, N. Y. Home: 
470 N. Broadway, Yonkers, N. Y. (LR, PC) 

HARBIN, ROBERT L., (s) Purdue University, West Lafayette, Ind. 
Home: 918 Oakland St., South Bend 15, Ind. (IG, SP) 

HARD, EDWARD H., (m) Asst. Proj. Engr., Douglas Aircraft Corp., 
3000 Ocean Park Blivd., Santa Monica, Calif. Home: 6438 Xerxes 
Ave., South Minneapolis, Minn. 

HARDIE, JAMES E., (m) Proj. Coordinator, SM-62 Weapon System, 
Northrop Aircraft Inc., Hawthorne Field, Hawthorne, Calif. Home: 
3140 Hollypark Dr., Inglewood 4, Calif. (iG, SP) 

HARDING, WM. BARCLAY, (m) Partner, New Business, Smith, Barney 
& Co., 20 Broad St., New York 5, N. Y. Home: Holmdel, N. J. 

HARDMAN, WALTER, JR., (a) Assoc. Broker, Walter Hardman, In- 
dustrial Real Estate, Central Bldg., Seattle 4, Wash. Home: 4250 
E. 73rd, Seattle 15, Wash. (PC, SP) 

HARDY, MAURICE M., (m) Design Engr., Structures Dept., Aircraft 
Marine Engrng. Co., Sepulveda, Calif. Home: 1953 Benecia Ave., 
Los Angeles 25, Calif. (IG, PC) 

HARER, RICHARD J., (m) Deputy Chief, Project Control Office, Di- 
rectorate of Flight Test, FTFP, AFFTC, Edwards, AFB, Edwards 
AFB, Calif. Home: 118—12th St., Edwards, Calif. 

HARFORD, JAMES J., (m) Executive Secretary, American Rocket So- 
ciety, 500 Fifth Ave., New York 36, N. Y. Home: 58 Deer Path, 
Princeton, N. J. (IG, SP) 

HARMAN, GERALD J., (a) Pres., Harman Equipment Co., 3605 E. 
Olympic Bivd., Los Angeles 23, Calif. Home: 261 eae Rodeo Dr., 
Beverly Hills, Calif. (LR, PC) 

HARKIEWICZ, CHESTER, (a) Checker-Print, Atlantic ae Co., 796 
Broad St., Newark, N. J. Home: 20 Dogwood Lane, Colonia, N.J. 


HARMON, FRED, (m) Vice Pres., Southwestern Engrng. & Equipment 
Co., 3906 Lemmon Ave., Dallas, Tex. Home: 1009 Waterford Dr., 
Dallas, Tex. (IG, SP) 

HARMAN, GERALD J., (a) Pres., Harman Equipment Co., 3605 E. 
Olympic Bivd., Los Angeles 23, Calif. Home: 261 So. Rodeo Dr., 
Beverly Hills, Calif. (LR, PC) 


(m) Maj. Gen. USAF (Rtd), Mgr., Defense 
13th St., N.W., 
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HARP, JAMES L., (m) Principal Physicist, Aeronautics & Thermo- 
dynamics Div., Battelle Memorial Institute, 505 King Ave., Co- 
lumbus 1, Ohio. Home: 2551 Case Rd., Columbus 21, Ohio. 

HARPER, ALFRED Y., (s) Mass. Inst. of Tech., Rm. 608, Graduate 
House, Cambridge 39, Mass. (IG, LR) 

HARPER, JERRY L., (s) University of Illinois, Urbana, Ill. Home: 808 
W. Illinois St., Urbana, Ill. (LR, SP) 

HARR, RAYMOND W., (m) Group Leader, Military Operations Analy- 
sis Section, North American Aviation, Inc., 4300 E. 5th Ave., 
Columbus 13, O. Home: 195 N. Broadleigh Rd., Columbus 9, O. 

HARRIS, ALVIN M., (s) Los Angeles City College, 855 N. Vermont 
Ave., Los Angeles 29, Calif. Home: 4018} Monroe St., Los An- 
geles 29, Calif. (SP) 

HARRIS, CHARLES V., (m) Project Engr., Rocket Fuels Div., Research 
& Development Dept., Phillips Petroleum Co., McGregor, Texas. 
Home: 3912 Grim Ave., Waco, Tex. (PC, SR) 

HARRIS, CHESTER A., JR., (a) Assist. Shop Superintendent, Chicago 
Bridge & Iron Co., 1305 W. 150th St., Chicago 43, Ili. Home: 
10873 S. Prospect, Chicago 43, Ill. 

HARRIS, ELWYN D., (m) Res. Engr., Design and Development, Rock- 
etdyne, A Div. of North American Aviation Inc., 6633 Canoga 
Ave., Canoga Park, Calif. Home: 4311 Cedros, Apt. 4, Sherman 
Oaks, Calif. (LR, PC) 

HARRIS, E. R., (m) Capt. USAF, Guided Missile School, 3416 Sturon, 
Lowry AFB, Colo. Home: 207 Olive St., Denver, Colo. 

HARRIS, HERBERT, JR., (m) Chief Engr., Air Armament Div., Sperry 
Gyroscope Co., Division of Sperry Rand Corp., Great Neck, N. Y. 
Home: 29 Gateway Dr., Great Neck, N. Y. (IG, SP) 

HARRIS, J. H., (m) Vice Pres.-Planning, Brush Electronics Company, 
3405 Perkins Ave., Cleveland 14, O. Home: 167 Hudson St., 
Hudson, O. (IG) 

HARRIS, WILLIAM P., (a) Radiosotope Research Technician, Columbia 
Southern Chemical Corp., P.O. Box 4026, Corpus Christi, Tex. 
Home: 3169 Ebony St., Corpus Christi, Tex. ((IG, SP) 

HARRISON, ARTHUR E., (m) Avionics Systems Engr., Grumman Air- 
craft Corp., Bethpage, L. |., N. Y. Home: 16 Pineridge Rd., 
Greenvale, N. Y. (IG) 

HARRISON, BEN C., (m) Asst. Chemist, Armour Research Foundation 
10 W. 35th St., Chicago 16, Ill. Home: 3100 S. Michigan Ave., 
Chicago 16, Ill. (LR, PC) 

HARRJE, DAVID, (a) Home: 603 Isham St., New York, N. Y. 

HARROD, HARVEY T., (m) Regional Mgr., Electronic Communications, 
Inc., 9408 Byeforde Road, Kensington, Md. Home: 707 Fern Dew 
Dr., Elmira, N. Y. (1G) 

HARROLD, RICHARD D., (a) Illustrations Coordinator 
Douglas Aircraft Co., 1500 Fourth St., Santa Monica, 
Home: 853 Haverford Ave., Pacific Palisades, Calif. (IG, LR) 

HARSHBARGER, FREDERICK C., (s) California Institute of Technol- 
ogy, Pasadena, Calif. Home: Box 85, lowa City, la. 

HARSLEM, ERIC W., (m) Chief, Test Dept., Engr. & Res. Div., Reac- 
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of United Aircraft Corp., East Hartford, Conn. Home: 228 Cutler 
St., Watertown, Conn. (IG) 

REID, CHARLES T., (m) Director of Engrng., Northrop Aeronautical 
Institute ,1155 W. Arbor Vitae St., Inglewood, Calif. Home: 10939 
Penny Ave., Inglewood, Calif. (PC, SP) 

REID, DAVID L., (m) Utility Operations Supvr., Res. & Development, 
Phillips Petroleum Co., P.O. Box 548, McGregor, Tex. Home: 
1900 Nelva, Waco, Tex. (RJ, SR) 

REID, J. G., JR., (m) Head, Earth Satellite Office, National oo. 
of Sciences, Washington, D. C. Home: 604 Taylor Run Parkway, 


Alexandria, Va. 
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REID, WILLIAM L., (m) Res. Engr., Rocketdyne, A Division of North 
American Aviation, Inc., Canoga Park, Calif. Home: Box 557, 
P-12, Palmdale, Calif. (LR, SP) 

REIDER, SAMUEL B., (m) Development Engr., Reaction Motors, Inc., 
Rockaway, N. J. Home: 2920 Mermaid Ave., Brooklyn, N. Y. 
(LR, SP) 

REIDINGER, LOUIS A., (m) Head Stress Group Structures, Lockheed 
Aircraft Corp., 7701 Woodley, Van Nuys, Calif. Home: 617 Star- 
dust La., Los Altos, Calif. 

REILEY, JAMES McKENDREE, (m) Mgr. Proj. Coordination, Phillips 
Petroleum Co., AF Pl. 66, McGregor, Tex. Home: 4600 Anlo Ave., 
Waco, Tex. 

REILLY, HUGH T., (m) Thiokol Chemical Corporation, Elkton, Md. 
Home: 400 Park Circle, Elkton, Md. (PC, SR) 

REILLY, JOHN T., (s) The Pennsylvania State University, University 
Park, Pa. Home: 2311—16th St., Altoona, Pa. (IG, SP) 

REIMERS, JOHN C., (m) Vice Pres., S. D. Hicks & Son Co., 1671 
Hyde Park Ave., Boston 36, Mass. Home: 660 Canton, Milton, 
Mass. 

REINBURG, J. HUNTER, (m) Washington Representative, Sales Engr. 
for Aircraft and Missiles, Lockheed Aircraft Corp., 1000 Vermont 
Ave., Washington, D. C. Home: 4833 Reservoir Rd. N.W., Wash- 
ington 7, D. C. (IG, SR) 

REINER, NORBERT L., (s) Rensselaer Polytechnic Institute, Troy, 
N. Y. Home: 105-55—62 Dr., Forest Hills 75, N. Y. (PC, RJ) 
REINHARDT, CHARLES M., (m) Head, Pre-Engrng. Br., Explosives 
Div., Olin Mathieson Chem. Corp., East Alton, Ill. Home: 9950 

Lanier Dr., St. Louis 21, Mo. (PC, SR) 

REINHARDT, JOSEPH A., (m) Pres., Wheaton Engineering Corporation, 
920 Manchester Rd., Wheaton, Ill. Home: 415 W. Union St., 
Wheaton, Ill. (IG, SP) 

REINHARDT, THOMAS F., (m) Mgr. of Rocket Res., Bell Aircraft 
Corp., P.O. Box 1, Buffalo 5, N. Y. Home: P.O. Box 2373, Buffalo 
23, N. Y. (LR,PC) 

REINHARDT, WILLIAM J., (m) Chief Tech. Planning. Engr., Reaction 
Motors, Inc., Ford Rd., Denville, N. J. Home: Box 318, Sparta, 
N. J. (LR, SP) 

REINIGER, CLEMENT W., (m) Contracts Mgr., Eastern Div., Engrng. 
& Development, Waste King Corp., 408 Mills Bidg., Washington 
6, D. C. Home: 3618 Whitehaven Pkwy. N.W., Washington 7, 
D. C. (IG, SP) 

REISSIG, ROBERT R., (m) Admin. Engr., United Aircraft Corp., 
Hamilton Div., Windsor Locks, Conn. Home: 11 Bay Dr. East, 
Bay Hills, Huntington, L. I., N. Y. (SP) 

REITMEYER, WILLIAM L., (m) Assist. Instructor, Marquette Univ., 
College of Enrgng., Milwaukee 3, Wis. Home: 7620 W. Eagle, 
Wauwatosa 13, Wis. (IG, SP) 

REMY, RICHARD T., (m) Technical Staff, Radar R&D Div., Hughes 
Aircraft Company, Florence & Teale, Culver City, Calif. Home: 
2237 Via Fernandez, Palos Verdes Ests., Calif. (IG, SP) 

RESCH, ALFRED C., (s) Academy of Aeronautics, La Guardia Airport, 
N. Y. Home: 7822 62nd St., Brooklyn 27, N. Y. (LR, PC) 

RESING, WILLIAM T., (m) Fluid Dynamics Propulsion Test Tech., 
Lockheed Aircraft Corp., 7701 Woodley Ave., Van Nuys, Calif. 
Home: 8786 Syimar St., Panorama City, Calif. (PC, RJ) 

REUEL, NORMAN C., (m) Asst. Sect. Chief, Design & Development, 
Rocketdyne, A Division of North American Aviation, Inc., 6633 
Canoga Ave., Canoga Park, Calif. Home: 23745 Long Valley Rd., 
Calabasas, Calif. (LR) 

REX, JAMES F., (m) Lt. USN, Comairpac Staff, M.A.S. North Island, 
San Diego, Calif. Home: 3051 St. Paul Blvd., Rochester, N. Y. 

(LR, SP) 

_ REYNOLDS, FRANCIS D., (m) Sr. Group Engr., Pilotless Aircraft Div., 
Boeing Airplane Co., P.O. Box 3925, Seattle 24, Wash. Home: 
3060 W. Lake Sammamish Parkway N.E., Redmond, Wash. 
(IG, SP) 

REYNOLDS, J. LOUIS, (m) Director of Customer Relations Div., Mar- 
quardt Aircraft Co., 16555 Saticoy, Van Nuys, Calif. Home: 3961 
Cody Rd., Sherman Oaks, Calif. (RJ) 

REYNOLDS, JAMES W., (m) Mfgng. Rep., Materiel Div., Aerojet-Gen- 
eral Corp., Box 296, Azusa, Calif. Home: 439 W. Laurel Ave., 
Glendora, Calif. (SR, SP) 

REYNOLDS, RICHARD S., (s) University of California, Berkeley, Calif. 
Home: Box 133, Monterey, Calif. (1G) 

REYNOLDS, ROBERT H., (m) Capt. R & D Administrator, Range Con- 
trol Div., AFMTC, Patrick AFB, Fla. Home: Rt. 1, Box 651, Eau 
Gallie, Fla. (LR, SP) 

_ RHOADES, ROBERT W., (m) Sr. Engr., Propulsion Sect., The Martin 
Company, Denver, Colo. Home: 3340 S. Clarkson, Englewood, 
Colo. (LR, PC) 

RHODE, C. W., (m) Assist. Supvr., Production Electronics Engr., 
Guided Missile Div., Firestone Tire & Rubber Co., 2525 E. Fire- 
stone Bivd., Los Angeles 54, Calif. Home: 9534 E. Cloverwood, 
Bellflower, Calif. (IG) 

RHODES, JAMES H., (m) Assoc. (Product Engrng) Sperry Farragut 


RHOTON, WILLIAM A., JR., (m) Quality Control Methods Engineer, 
Aircraft Engine Div., Ford Motor Co., 7401 S. Cicero, Chicago, 
Ill. Home: 14905 S. Cicero, Box 565, Midlothian, Ill. (IG, SP) 

RIBANY!, PAUL, (m) Res. Engr., Boeing Airplane Co., Seattle, Wash. 
Home: 8410 Fauntleroy Pl., Seattle 6, Wash. 

RICE, CHARLES E., (m) Instrumentation Engr., Radioplane Company, 
8000 Woodley Ave., Van Nuys, Calif. Home: 16552 Gilmore St., 
Van Nuys, Calif. (IG, SP) 

RICE, MILLARD LEE, (m) Director, Applied Mathematics and Interior 
Ballistics Div., Atlantic Research Corporation, 901 N. Columbus 
St., Alexandria, Va. Home: 1006 Carmine St., Annandale, Va. 
(PC, SR) 

RICE, PAUL J., (m) Res. Assoc., Infrared Group, Willow Run Labora- 
tories, University of Michigan, Ypsilanti, Mich. Home: 7313 
Hartwell, Dearborn, Mich. (LR, PC) 

RICE, TOM R., (a) Transmission Man, Toll Plant Dept., The Pacific 
Tel. & Tel. Co., 102 E. Alder St., Walla Walla, Wash. Home: 541 
Pleasant St., Walla Walla, Wash. (IG, SP) 

RICH, EDWARD E., (m) Tech. Staff, Flight Operations, Hughes Re- 
search and Development Labs., Box 390, Holloman AFB, N. M. 
Home: 902 Cedar Ave., Alamogordo, N. M. (IG) 

RICHARD, LOUIS P., (s) Res. Assist., Jet Propulsion Center, Purdue 
University, Lafayette, Ind. Home: 139 Greenleaf, Elmhurst, Ill. 
(RJ, SP) 

RICHARDS, JAMES H., (m) Sr. Power Plant Engr., Missile Engrng., 
Douglas Aircraft Co., Edwards AFB, Calif. Home: 44232—11th 
St. East, Lancaster, Calif. (IR, SR) 

RICHARDS, MURIEL M., (a) Pan American World Airways, Inc., 135 
E. 42nd St., New York 17, N. Y. Home: 110 W. 55th St., New 
York 19, N. Y. (SP) 

RICHARDSON, AL, (m) Technical Writer, Engrng. Publications, JPL, 
California Institute of Technology, 4800 Oak Grove Dr., Pasa- 
dena Calif. 

RICHARDSON, EDWARD H., (s) Vanderbilt University. Home: Dicker- 
son Rd., P. 2, Box 113, Goodlettsville, Tenn. 

RICHARDSON, JOHN E., (m) Test Engr., Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 7901 
Ostrom Ave., Van Nuys, Calif. 

RICHARDSON, KEN L., (s) Home: 1315 W. Wabash, Enid, Okla. 
(IG, SP) 

RICHEY, JAMES D., (m) Technical Sta., Underwater Systems Dev. 
Dept., Bell Telephone Laboratories, Whippany, N. J. Home: 114 
Franklin St., Bldg. 5, Apt. L2, Morristown, N. J. (IR, SP) 


RICHEY, WILLIS D., (s) University of Rochester, Rochester, N. Y. 
Home: 105 Brooks Ave., Rochester, N. Y. (PC, SP) 

RICHMOND, J. KENNETH, (m) Physicist, U. S. Bureau of Mines, 4800 
Forbes St., Pittsburgh 13, Pa. Home: 7021 Shannon Rd., Verona, 
Pa. 

RICHTER, RALPH P., (m) Mfng. Trainee, Production Engine Dept., 
General Electric Co., Evendale, O. Home: 6734 Montgomery Rd., 
Cincinnati 36, O. (LR, SP) 

RICKLES, H., (m) Res. Engr., Esso Research & Engineering Co., P.O. 
Box 51, Linden, N. J. Home: 547 E. Grant Ave., Roselle Park, 
N. J. 

RIDDLE, STUART A., (s) University of Southern California, Los An- 
geles, Calif. Home: 1400 Garfield Ave., San Marino, Calif. (PC) 

RIDDLESBARGER, ROGER J., (m) Supvr., Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 6957 
Chimineas, Reseda, Calif. (LR, SP) 

RIDEOUT, WILLIAM H., (m) Chief Draftsman, Liquid Rocket Plant, 
Aerojet-General Corp., P.O. Box 1947, Sacramento, Calif. Home: 
5337 Tiburon Way, Sacramento 21, Calif. (LR, SR) 

RIEBESEHL, EDWARD H., (s) University of Minnesota, Minneapolis, 
Minn. Home: Oak Grove Trailer Ct., New Brighton, Minn. 
(LR, PC) 

RIEDE, PETER M., (m) General Project Engr., Linde Co., A Division 
of Union Carbide Corp., E. Park Dr., Tonawanda, N. Y. Home: 
102 Wilton Pkwy., Kenmore 23, N. Y. (LR, PC) 

RIEDL, WALTER, (m) Mgr., Behr-Thomson, Inc., Mauserstr. 5, Stutt- 
gart, Germany. Home: Bad Nauheim, Kurstrasse 18, Germany. 

RIEGER, GEORGE F., (m) Engr., Atomic Power Equipment Dept., 
General Electric Co., 2151 South First St., San Jose, Calif. 
Home: 3367 Lindenoaks Dr., San Jose 28, Calif. (LR, SP) 


REILLY, HUGH T., (m) Test Engr., Thiokol Chemical Corporation, 
Elkton, Md. Home: R.D. 3, Elkton, Md. (LR, SP) 

RIENSTRA, HAROLD S., (m) Principle Chemical Engr., Battelle Me- 
morial Institute, 505 King Ave., Columbus 1, O. Home: 298 N. 
Chesterfield Rd., Columbus 9, O. (LR, PC) 

RIEPE, QUENTEN A., (m) Lt. Colonel, USAF, Plans—Programs, West- 
ern Development Div., ARDC, P.O. Box 262, Inglewood, Calif. 
Home: 7675 W. 92nd St., Los Angeles 45, Calif. (SP) 

RIESZ, WILLIAM H., (s) Purdue University, Box 440, Men’s Res. 
“XxX”, West Lafayette, Ind. Home: 50 Garretson Rd., White Plains, 
N. Y. (1G) 

RIGALI, DONALD J., (s) University of Notre Dame, 827 E. Colfox St., 
South Bend, Ind. Home: 621 Wales St., St. Paul 1, Minn. 
RIGGS, NIKOLA M., (a) Olin Mathieson Chemical Corp., Box 164, 

Hannibal, O. Home: c/o Mr. George Johnson, Sardis, O. 


R 
R 
R 
R 
R 
Ri 
RI 
RI 
RI 
RI 
Ri: 
q RI 
Rr 
RM 
Rn 
Rn 
RIV 
RO 
RO! 
RO 
RO! 
ROI 
RO! 
ROI 
ROI 
ROE 
ROE 
ROE 
ROE 
. as Broad St., Bristol, Tenn. Home: RFD 2, Clinchport, Va. noe 
| 86 


t 


J., (a) Field Engr., Tech Rep. Div., Philco Corp., 
Philadelphia, Pa. (LR, SP) 

RILEY, EDWARD P., (m) Vice Pres., Accessories, Pneumatics & Hy- 
draulic Products Divs., Thompson Products, Inc., 23555 Euclid 
Ave., Cleveland 17, O. Home: 18928 Inglewood Dr., Rocky River, 
O. (LR, SR) 

RILEY, JAMES W., (m) Engr., Missiles, Bendix Products Div., Ben- 
dix Aviation Corporation, 400 S. Beiger St., Mishawaka, Ind. 
Home: 2215 W. Lexington, Elkhart, Ind. (LR, RJ) 

RILEY, SHAN B., (m) Advanced Development Engr., Res. & Dev. Staff, 
Vickers, Inc., Detroit 32, Mich. Home: 11640 Royal Grand, De- 
troit 39, Mich. (LR, PC) 

RINEHART, DEWEY, (m) Director Engrng., Rockets Div., Bell Aircraft 
Corp., Box 1, Buffalo 5, N. Y. Home: 57 Gardenwood Lane, Ken- 
more 23, N. Y. (LR, SR) 

RING, ELLIOT, (m) Group Engr., Propulsion Section, Engrng. Dept., 
The Martin Company, Denver, Colo. Home: 3613 S. Hudson St., 
Denver 22, Colo. (LR, SP) 

RINGE, G. TRUXTON, (m) Sr. Group Engr.-Prelim. Design, Pilotless 
Aircraft Engrng., Boeing Airplane Co., Box 3107, Seattle 14, 
Wash. Home: 1454—92nd Ave. NE, Bellevue, Wash. (IG, SP) 

RINGLEB, FRIEDRICH O., (m) Staff Physicist, Engrng., Naval Air 
Material Center, Philadelphia, Pa. Home: 22 N.W. Jersey Ave., 
Woodbury Heights, N. J. (RJ) 

RIOUX, RICHARD, (m) Lead Design Engr., Temco Aircraft Corp., 
Dallas, Tex. Home: 814 N. Montclair, Dallas 8, Tex. 

RIPLEY, HERBERT S., (m) Prop. Group Engr., Northrop Aircraft, Inc., 

Hawthorne, Calif. Home: 1 Chuckwagon Rd., Rolling Hills, Calif. 


RIGNEY, HENRY 


(LR, SR) 
RIPPE, ROBERT S., (m) Mgr., Customer Relations, Explosives Div., 
Olin Mathieson Chemical Corp., E. Alton, Ill. Home: 8318 Pep- 


peridge, Berkeley City 21, Mo. (PC, SR) 

RISING, SIMEON M., JR., (m) Installation Engr., Pratt & Whitney 
Aircraft Div., United Aircraft Corp., East Hartford 8, Conn. 
Home: 20 Wind Rd., East Hartford 8, Conn. (IG, RJ) 


RISLEY, WILLIAM L., JR., (m) Pres., Florida Coast Real Estate Co. 
Inc., Cocoa Beach, Fla. Home: Box 356, Cocoa Beach, Fla. 
RITCHEY, HAROLD W., (m) Tech. Dir., Rocket Divs., Thiokol Chemi- 
cal Corp., Trenton, N. J. Home: 901 Locust St., Huntsville, Ala. 

(PC, SR) 

RITCHEY, RANDOLPH, (m) Mgr. Aircraft & Missile Div., Consolidated 
Western Steel, A Div. of U. S. Steel, 5700 S. Eastern, Los An- 
geles 3, Calif. Home: 237 Grand Ave., Long Beach 3, Calif. 

RITTER, ARNOLD P., (m) Group Engr., Convair-Astronautics, A Divi- 
sion of General Dynamics Corp., 3302 Pacific Highway, San 
Diego, Calif. Home: 4359 Elm St., San Diego 5, Calif. (IG, SP) 

RITTER, COLIN, (m) Air Intelligence Specialist, U. S. Air Force, Di- 
rectorate of Intelligence, AFOIN 3Al, The Pentagon, Washington 
25, D. C. Home: Box 441 B.F. Station, Washington 4, D. C. 

RIVERS, JACK L., (a) Physicist, Missouri School of Mines, Rolla, Mo. 
Home 339 Delmar Place, Covington, Ky. 

ROACH, ROBERT D., JR., (a) Rocket Design Engr., Rocket Division, 
Bell Aircraft Corporation, P.O. Box 1, Buffalo 5, N. Y. Home: 56 
Heath St., Buffalo 14, N. Y. (LR, SR) 

ROBBA, WILLIAM A., (a) Mgr., Nuclear Power Group, Res. Div., Ray- 
theon Mfg. Co., Waltham 54, Mass. Home: 110 Gates St., Fram- 
ingham, Mass. (SP) 

ROBBINS, CHARLES D., (m) Sr. Engr., Propulsion Group, Firestone 
Tire & Rubber Co., 2525 Firestone Bivd., Los Angeles, Calif. 
Home: 1942 Stevely Ave., Long Beach, Calif. (LR, PC) 

ROBBINS, DANIEL, (m) Mgr., Albuquerque District Office, Consoli- 
dated Electrodynamics Corp., 307 Washington, S.E., Albuquerque, 
N. M. 

ROBBINS, HOWARD, (m) Resign Engr., Aerojet-General Corp., Azusa, 
Calif. Home: 414 S. Mesita Pl., West Covina, Calif. 

ROBBINS, HUGH C., (m) Director, Robbins Aviation, 1735 West Flor- 
ence Ave., Los Angeles 47, Calif. Home: 7112 So. Van Ness Ave., 
Los Angeles 47, Calif. (IG) 

ROBELL, ANDREW J., (s) Princeton University, c/o Campus Club, 
Princeton, N. J. Home: 676 Adams Ave., W. Hempstead, L. I., 
N. Y. (PC, SP) 

ROBERSON, ROBERT E., (m) Staff Specialist, Autonetics, North 
American Aviation, Inc., 9150 E. Imperial Highway, P.O. Box 
“AN”, Downey, Calif. Home: 1100 Cerritos Dr., Fullerton, Calif. 

ROBERTS, CHARLES S., JR., (m) Proj. Engr., Redstone Div., Thiokol 
Chemical Corp., Huntsville, Ala. Home: 617 Bluefield Ave., 
Huntsville, Ala. (SP) 

ROBERTS, DEAN E., (m) Director Public Relations, American Rocket 
Society, 500 5th Ave., New York, N. Y. Home: 765 U. N. Plaza, 
Apt. E, New York 17, N. Y. 

ROBERTS, EDWARD H., (m) Stress Analyst “A”, Boeing Airplane 
Company, Wichita 1, Kan. Home: 1650 S. Mission Rd., Wichita 
18, Kan. (SP) 

ROBERTS, ERNEST R., (m) Assist. Mgr., Solid Engine & Chemical 
Div., Aerojet-General Corp., Sacramento, Calif. Home: 3810 Clin- 
ton Ave., Goddard Heights, Fair Oaks, Calif. (PC, SR) 

ROBERTS, FRED G., JR., (a) Pres., Traid Corporation, 17136 Ventura 
Bivd., Encino, Calif. Home: 16266 Bertella Dr., Encino, Calif. (1G) 
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(m) Systems Test Proj. Engr., (Thor) Guided 
Missiles Res. Div., Ramo-Wooldridge Corp., 8820 Bellanca Ave., 
Los Angeles 45, Calif. Home: 8661 Lookout Mtn. Ave., Los An- 
geles 46, Calif. (LR, SR) 


ROBERTS, HARVEY A., 


(a) Supvr., Analytical Statistician, Missile 
Evaluation Dept., Naval Ordnance Lab., Corona, Calif. Home: 
1295 Oakhurst Dr., San Bernardino, Calif. (IG, SP) 

ROBERTS, HENRY P., (m) Technical Staff, Guided Missile Res. Div., 
The Ramo-Wooldridge Corp., 5760 Arbor Vitae St., Los Angeles 
45, Calif. Home: 2433 Paradise Road, Anaheim, Calif. (IG, SP) 

ROBERTS, MELVIN L., (m) Engr., Dynamics & Stability, General 
Electric Co., 3198 Chestnut St., Philadelphia 4, Pa. Home: 2105 
No. John Russell Circle, Elkins Park 17, Pa. (SP) 

ROBERTS, PAUL NICHOLAS, (s) Santa Monica City College, Santa 
Monica, Calif. Home: 862, Galloway St., Pacific Palisades, Calif. 
(IG, SP) 

ROBERTS, RICHARD W., (s) Metcalf Research Lab., Brown University, 
Providence 12, R. I. Home: 93 Congden St., Providence 6, R. |. 
(LR, PC) 

ROBERTS, ROBERT E., (m) Vice President, Fred T. Roberts & Co., 
Branchville Rd., Ridgefield, Conn. Home: “White Fences”, Dan- 
bury Rd., Wilton, Conn. (IG, SP) 

ROBERTS, W. CAMERON, JR., (m) Proj. Engr., Chemist, Chemistry 
Div., Atlantic Research Corp., 901 W. Braddock Rd., Alexandria, 
Va. (PC, SR) 

ROBERTS, WILLIAM L., (m) Regional Rep., New England—New York, 


ROBERTS, HAYDN G., 


RCA Service Co., Cherry Hill, Camden, N. J. Home: 102 Ft. 
Stanwix North, Rome, N. Y. (IG, SP) 
ROBERTSON, ALLAN S., (m) Vice President—Sales, Fenwal Incor- 


porated, Pleasant St., Ashland, Mass. Home: 1662 Common- 
wealth Ave., West Newton, Mass. (SP) 

ROBERTSON, BENJAMIN F., (m) Project Engr., Jupiter Project, Chrys- 
ler Corp., Box 2028, Detroit 31, Mich. Home: 1000 Forest Lane, 
Birmingham, Mich. (LR, SP) 

ROBERTSON, DONALD K., (m) Design Engr. 1, Structures Dept., 
Engrng. Div., The Martin Company, Orlando, Fla. Home: 8727 
Lackawanna Ave., Towson, Md. (IG, SP) 

ROBERTSON, DUANE €E., (m) Instrumentation Foreman, Aerojet- 
General Corp., P.O. Box 1914, Sacramento, Calif. Home: 7332 
Almond Ave., Orangevale, Calif. (IG, SP) 

ROBERTSON, GEORGE M., (m) Chief Engr., Convair Astronautics, A 
Division of General Dynamics Corp., San Diego, Calif. Home: 639 
Orangewood Dr., Covina, Calif. 

ROBERTSON, ORAN F., (m) Section Mgr., Missile Engrng. Dept., 
Technical Products Div., Allen B. Du Mont Laboratories, Inc., 
11800 W. Olympic Blvd., Los Angeles 64, Calif. Home: 2476 S. 
Federal Ave., Los Angeles 64, Calif. (IG) 

ROBINETTE, CLIFFORD A., (s) University of Michigan, Ann Arbor, 
Mich. Home: 22071 Rausch, E. Detroit, Mich. (LR, SP) 
ROBINS, WILLIAM S., (m) Engr., Des. & Dev., Futurecraft Crop., 
1717 No. Chico, El Monte, Calif. Home: 1140 Farrington, La 

Habra, Calif. 

ROBINSON, BYRON O., (m) Assist. Proj. Engr., Temco Aircraft Corp., 
P.O. Box 6191, Dallas, Tex. Home: 2114 Cloverdale, Arlington, 
Tex. (LR, SP) 

ROBINSON, DONALD CLARKE, (a) Jr. Engr., Control Equipment, 
Westinghouse Electric Corp., Friendship International Airport, 
Baltimore 27, Md. Home: 908 N. Augusta Ave., Baltimore 29, 
Md. (IG, SP) 

ROBINSON, GLENN W., (m) Maintenance Shops Section Supvr., 
Rocket Fuels Div., Phillips Petroleum Co., McGregor, Tex. Home: 
1921 Travis, Waco, Tex. 

ROBINSON, JOHN M., (m) Technical Publications Engr., Sales and 
Service, The Martin Company, Baltimore 3, Md. Home: 1106 
Gleneagle Rd., Baltimore 12, Md. (SP) 

ROBINSON, KENDAL S., (m) Group Leader, Rocketdyne, A Division 
of North American Aviation, Inc., 6633 Canoga Ave., Canoga 
Park, Calif. Home: 6271 Lubao Ave., E. Woodland Hills, Calif. 
(LR) 

ROBINSON, JAMES M., (m) Res. Chemist, Solid Engine & Chemical 
Div., Aerojet-General Corp., Azusa, Calif. Home: 809 Amador St., 
Claremont, Calif. (PC, SP) 

ROBINSON, MORLEY, (a) Engr., The Martin Company, Box 179, Den- 
ver, Colo. Home: 1185 So. Cook St., Denver, Colo. 

ROBINSON, WILLARD C., (m) Sr. Engr., The Martin Company, Den- 
ver 1, Colo. Home: 3605 W. Floyd Ave., Denver 19, Colo. (LR, PC) 

ROBISON, DELBERT, (m) Home: 9908 Lakeview Dr., Cincinnati 15, O. 

ROBLE, ARTHUR R., (m) Electrical Engr., Remington Rand Univac, 
R.R. 1, St. Paul 11, Minn. (LR) 

ROBOTTI, AURELIO C., (m) Mech. & Aero. Engr., TECO, Ltd., Torino, 
Italy. Home: 4, Via Assarotti, Torino, Italy. (LR, PC) 

ROBSON, RICHARD R., (a) Test Stand Asst., Reaction Motors, Den- 
ville, N. J. Home: 110 Cottage St., Jersey City, N. J. 

ROCCO, THOMAS F., (m) Resident Representative, Air Force Missile 
Test Center, Aerojet-General Corp., P.O. Box 4425, Patrick AFB, 
Fla. Home: 1209 S. Magnolia Dr., Indialantic, Fla. (LR, SR) 

ROCHE, R. A., (m) Director of Res., Litton Industries, Inc., 336 N. 
Foothill Rd., Beverly Hills, Calif. 


ROCHLEN, AVA MICHAEL, (m) Dir. Public Relations, Douglas Aircraft 
Co., Santa Monica, Calif. Home: 509 N. Rockingham Ave., Los 
Angeles 49, Calif. 

ROCKEFELLER, LAURANCE S., (m) 30 Rockefeller Plaza, New York, 
N. Y. Home: 834 Fifth Ave., New York 21, N. Y. 

RODEAN, HOWARD C., (m) Engrng. Specialist, Propulsion Section, 
Engrng. Dept., Chance Vought Aircraft, Incorporated, P.O. Box 
5907, Dallas, Tex. Home: 1541 Connally Terrace, Arlington, Tex. 
(LR, RJ) 

RODGERS, DONALD R., (m) Mgr., Weapon System Sales, General 
Electric Co., 777 14th St. N.W., Washington, D. C. Home: 6805 
Pyle Rd., Bethesda 14, Md. (IG) 

RODGERS, EDWARD R., (m) Asst. Mgr., Aircraft Marking Component 
Div., The Meyercord Co., 2915 S. Vail Ave., Los Angeles 54, Calif. 

RODGERS, OLIVER E., (m) Corporate Chief Engr., Utica-Bend Corp. 
(Subsidiary Curtiss-Wright Corp.) 50500 Mound Rd., Utica, Mich. 
Home: 952 Wimbleton, Birmingham, Mich. (SR, SP) 

RODRIGUEZ, CHARLES J., (m) Sr. Res. Engr., Rocketdyne, A Division 
of North American Aviation, Inc., 6633 Canoga Ave., Canoga 
Park, Calif. Home: 4940 Dunman Ave., Woodland Hills, Calif. 
(LR, SR) 

ROE, JAMES E., (s) Stevens Institute Technology, Hoboken, N. J. 
Home: 83 Amsterdam Ave., Passaic, N. J. (PC, SR) 

ROEDEMA, KEMP P., (s) Stevens Institute of Technology, Hoboken, 
N. J. Home: 560 Midland Ave., Garfield, N. J. (LR, SP) 

ROEMER, THEODORE J., (m) Project Mgr., Propellant Chemistry Br., 
Explosives Div., Olin Mathieson Chemical Corp., East Alton, Ill. 
Home: 163 Kingdom, Bethalto, III. (PC, SR) 

ROENNAU, WILLIAM H., (m) Engr., Bureau of Aeronautics, Washing- 
ton 25, D. C. Home: 3636 16th St. N.W., Washington, D. C. 
(LR, SP) 

ROGERS, DON E., (m) Assist. Prof. of Aero Engrng., University of 
Michigan, Ann Arbor, Mich. Home: 2621 Pittsfield Bivd., Ann 
Arbor, Mich. (LR, PC) 

ROGERS, JAMES J., (s) Structures Designer-C, Kaman Aircraft Corp., 
210 Cottage Grove Rd., Bloomfield, Conn. Home: 372 East 32 
St., Brooklyn 26, N. Y. 

ROGERS, JOHN D., JR., (m) Engr., Petroleum Chemicals Div., E. I. 
duPont de Nemours & Co., Inc., Wilmington 98, Delaware. Home: 
Snuff Mill Road, Hockessin, Del. (LR, RJ) 

ROGERS, JOHN M., (m) West Coast Rep., Reaction Motors, Inc., 
10835 Santa Monica Bivd., Los Angeles 24, Calif. Home: 1055 
Norman Pl., Los Angeles 49, Calif. (LR, SR) 

ROGERS, JOSEPH W., (s) University of Miami, 212 N.W. 8th Ave., 
Miami, Fla. Home: 511 S.W. 4th Ave., Miami 36, Fla. 

ROGERS, LOREN E., (m) Electronic Engr., Missile Test Project, Radio 
Service Co., Patrick AFB, Fla. Home: RR 1, Box 507, Melbourne, 
Fla. 

ROGERS, McCAGIE B., JR., (a) Mathematician, Computer Systems 
Div., The Ramo-Wooldridge Corp., 5740 Arbor Vitae St. Home: 
623 West Fifth St., Los Angeles 17, Calif. (SP) 

ROGERS, MILTON, (m) Chief, Mechanics Div., Air Force Office of 
Scientific Research, Washington 25, D. C. Home: 6209 Pearce 
Ave., Baltimore 15, Md. (IG, SP) 

ROGERS, ROBERT G., (m) Pres., Accessory Products Corp., 616 W. 
Whittier Blivd., Whittier, Calif. Home: 1440 Glencoe Dr., Arcadia, 
Calif. (IG, SP) 

ROGERS, ROBERT W., (m) Sr. Aerodynamics Engr., Aerophyics Dept., 
North American Aviation, Inc., Lakewood Blvd., Downey, Calif. 
Home: 1832 W. Flower Ave., Fullerton, Calif. (RJ, SP) 

ROGERS, WILLIAM L., (m) Assist Gen. Mgr., Aerojet-General Corpora- 
tion, 6352 N. Irwindale Ave., Azusa, Calif. Home: 1921 Brae- 
burn Rd., Altadena, Calif. (LR, SR) 

ROGERSON, THOMAS L., (a) Engrng. Administrator, Power Plant 
Instl. Design Gp., Chance Vought Aircraft, Inc., Dallas, Tex. 
Home: P.O. Box 216, Grand Prairie, Tex. (LR) 

ROGGAN, FRANCIS J., (m) Engrng., President, Glar-Ban Corp., 607 
Seneca Creek Rd., Buffalo 24, N. Y. Home: 218 Rochelle Park, 
Tonawanda, N. Y. 

ROHR, WILLIAM A., (m) Rocket Lab. Engr., Bell Aircraft Corp., Buff- 
alo 5, N. Y. Home: 776 Englewood Ave., Buffalo 23, N. Y. 
(LR, SP) 

ROHRBACH, GEORGE EDWARD, (s) University of Notre Dame, South 
Bend, Ind. Home: 315 Peachway St., South Bend 17, Ind. 
ROHRER, WILLIAM G., (m) Field Rep., Northrop Aircraft, Inc., Haw- 

thorne, Calif. Home: P.O. Box 16, Redlands, Calif. 

ROLLINS, ROBERT H. Il, (s) Assist. Instructor, University of Illinois, 
Urbana, Ill. Home: 133B Stadium Terrace, Champaign, Ill. 
(LR, SP) 

ROMANCZUK, WALTER, (s) University of Buffalo, Buffalo, N.Y. Home: 
225 Gorton St., Buffalo, N. Y. 

ROMICK, DARRELL C., (m) Head, Astronautics Group, Goodyear Air- 
craft Corporation, 1210 Massillon Rd., Akron 15, O. Home: 2619 
Maplecrest Rd., Canton 9, O. (LR, SP) 

ROMICK, IRENE P., (a) Home: 2619 Maplecrest Rd., N.W., Canton, O. 

ROMIG, MARY F., (m) Staff Scientist, Fluid Dynamics, Scientific 
Research Lab., Convair, A Division of General Dynamics Corp., 
3595 Frontier St., San Diego, Calif. Home: 260 Palomar St., L 


ROMING, VICTOR, (a) Supvr., Model Div., Webb & Knapp, Inc., 383 
Madison Ave., New York 17, N. Y. Home: Drewville Rd., Carmel, 
N. Y. (IG, SP) 

RONEY, ROBERT K., (m) Head of Dept., Systems Analysis Dept., 
Hughes Aircraft Co., Culver City, Calif. Home: 6906 W. 84th PI., 
Los Angeles 45, Calif. 

ROOT, L. EUGENE, (m) Vice Pres. and Gen. Mgr., Missile Systems 
Div., Lockheed Aircraft Corp., P.O. Box 504, Sunnyvale, Calif. 
(SR, SP) 

ROOT, ROBERT E., (m) Director of Marketing, Rheem Mfg. Co., 11711 
Woodruff Ave., Downey, Calif. Home: 1020 N. Richman Ave., 
Fullerton, Calif. 

ROPER, ROBERT L., (m) Test Engr., Convair, A Division of General 
Dynamics Corp., Fort Worth, Tex. Home: 3104 Sondra Dr., Ft. 
Worth, Tex. (LR, SR) 

ROSAMILIA, JOHN A., (s) Parks College, East St. Louis, Ill. Home: 
34 Oakwood Ave., Bloomfield, N. J. (RJ) 

ROSATO, DOMINICK V., (m) Chief Engr., Reinforced Plastics Dept., 
Raybestos Manhattan Inc., Manheim, Pa. Home: 1017 Helen 
Ave., Lancaster, Pa. (LR, SR) 

ROSE, EDWIN L., (m) Consulting Engr., P.O. Box 1389, Waterbury, 
Conn. Home: Middlebury, Conn. 

ROSE, GERALD A., (a) San Francisco State College, San Francisco, 
Calif. Home: 1 Pinto Ave., San Francisco 27, Calif. (SP) 

ROSE, ROBERT F., (m) Chief of Propulsion Dev., Section JPL, Cali- 
fornia Inst. of Tech., 4800 Oak Grove Dr., Pasadena, Calif. 
Home: 865 W. Huntington Dr., Arcadia, Calif. (LR, PC) 

ROSE, ROBERT K., (s) Res. Asst., Jet Propulsion Center, Purdue Uni- 
versity, West Lafayette, Ind. Home: 910 State St., West Lafay- 
ette, Ind. 

ROSE, ROBERT H., 2nd, (a) Assist. Prof., Newark College of Engi- 
neering, 367 High St., Newark 2, N. J. Home: 23 Fuller Ave., 
Chatham, N. J. (IG, SP) 

ROSE, WILLIAM B., (m) Mgr., Develop. Dept., Westvaco Chlor-Alkali 
Div., Food Machinery & Chemical Corp., So. Charleston 3, W. Va. 
(LR, PC) 

ROSEN, ARNOLD, (s) Academy of Aeronautics, La Guardia Field, 
Flushing 71, N. Y. Home: 115 Essex St., New York 2, N. Y. 
ROSEN, GERALD H., (s) Princeton University, Princeton, N. J. Home: 

668 Sewell Pl., Teaneck, N. J. (PC, SP) 

ROSEN, MILTON W., (m) Head, Rocket Dev. Br., Naval Research 
Laboratory, Washington 25, D. C. Home: 2505 Fairlawn, Hillcrest 
Heights, Washington 21, D. C. 

ROSENBAUM, MORTIMER, (m) Sr. Assist. Chief Engr., Convair 
Astronautics, A Division of General Dynamics Corp., San Diego, 
Calif. Home: 2104 Willow St., San Diego 6, Calif. (SP) 

ROSENBERG, HANS K., (m) Mech. Eng., Prod. Mgr., Planet Products 
Corp., 6305 Warrick St., Cincinnati 27, O. Home: 5484 Eastwood 
Dr., Cincinnati 27, O. (SP) 

ROSENBERG, PHILIP, (m) Mgr., Automatic Mchry. & Electro-Mech. 
Devices, American Machine & Foundry Co., 1104 S. Wabash, 
Chicago 5, I!|. Home: 507 Ridge Rd., Highland Park, III. (SR, SP) 

ROSENBERGER, PAUL E., (a) Electroplater, Illinois Tool Works, 
Shakeproof, Inc., St. Charles Rd., Elgin, Ill. Home: 74 S. Alfred 
St., Elgin, tl. (SP) 

ROSENBLUM, MARTIN H., (m) Res. Engr., Preliminary Design Group, 
Rocketdyne, A Division of North American Avation, Inc., Canoga 
Ave., Canoga Park, Calif. Home: 4457 Murietta Ave., Sherman 
Oaks, Calif. (LR, PC) 

ROSENBLUM, NORMAN I., (a) Technician, Guided Missiles, American 
Bosch Arma Corp., Roosevelt Field, Garden City, N. Y. Home: 
617 Chester St., Brooklyn, N. Y. 

ROSENFELD, EDWARD M., (m) Asst. Branch Chief, Military Construc- 
tion, Office, Chief of Engineers, Washington 25, D. C. Home: 
2012 P 81, N.W., Washington, D. C. 

ROSENFELD, HERMAN H., (m) Electrical Engr., Rocketdyne, A Divi- 
sion of North American Aviation, Inc., 7100 Deering Ave., Can- 
oga Park, Calif. Home: 2016 So. Beverly Glen Bivd., West Los 
Angeles 25, Calif. (LR, SP) 

ROSENFELD, STANLEY J., (s) Home: 415 Bellevue Rd., New Haven, 
Conn. (SR, SP) 

ROSENGARTEN, JACOB, (a) Des. Engr., Rocketdyne, A Division of 
North American Aviation, Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 20651 Wyandotte St., Canoga Park, Calif. (LR, SP) 

ROSENTHAL, MYRON M., (a) Principal Engr., Guided Missile Div., 
Republic Aviation Corp., 223 Jericho Turnpike, Mineola, N. Y. 
Home: 19 Brookline Dr., No. Massapequa, N. Y. (IG, SP) 

ROSENTHAL, WALTER L., (s) Test Engr., Rocketdyne, A Division of 
North American Aviation, Inc., Edwards Rocket Base, Edwards, 
Calif. Home: 149 Leslie, Mojave, Calif. (LR) ’ 

ROSLING, BOB, (s) Assembler Electronic Equip. A, Pilotless Aircraft 
Div., Boeing Airplane Co., Seattle, Wash. Home: 1603-E-50, Se- 
attle 5, Wash. (SP, IG) 

ROSNER, DANIEL E., (s) Graduate College, Princeton University, 
Princeton, N. J. Home: 138 Elliott Place, New York 52, N. Y. 
(PC, RJ) 

ROSS, ALFRED C., (m) District Sales Mgr., Carbide Chemicals Co., 
A Division of Union Carbide Corp., 2770 Leonis Bivd., Los An- 
geles 58, Calif. Home: 1847 West Dr., San Marino, Calif. (PC) 


RC 


RC 


RO 


RO 


RO! 


RUE 


R 
R 
R 
R 
R 
R 
R 
R 
Ri 
Re 
R¢ 
R¢ 
RC 
RC 
= 
RO 
RO 
RO 
= 
RO 
RO! 
RO| 
RO\ 
RO\ 
RO\ 
RO} 
RUE 


ROSS, BEVERLY A., (a) Information Dept., U. S. Naval Ordnance Test 
Station, China Lake, Calif. Home: 306A Tyler, China Lake, Calif. 
(RJ, SP) 

ROSS,CHANDLER COLE, (f) Vice President, Engrng., Aerojet-General 
Corporation, Azusa, Calif. Home: 1132 Pima, Covina, Calif (LR) 

ROSS, DAVID H., (m) Development Engr., Sanderson & Porter, 72 
Wall St., New York 5, N. Y. Home: Lindenstrasse 3F, Zurich 8, 
Switzerland. (RJ, SP) 

ROSS, DOUGLAS H., (m) Director, Product Devel. Dept., Solvay Pro- 
cess Div., Allied Chemical & Dye Corporation, 61 Broadway, 
New York 6, N. Y. Home: 558 Lotus Rd., Ridgewood, N. J. 

ROSS, HERMAN H., JR., (m) Design Engr., Engrng. & Electronics, 
Potter Pacific Corporation, 22520 Ventura Blvd., Woodland Hills, 
Calif. Home: 8604 Jumilla St., Canoga Park, Calif. (IC, LR) 

ROSS, IRA G., (m) Director, Cornell Aeronautical Laboratory, 
4455 Genesee St., Buffalo 21, N. Y. 

ROSS, MILDRED C., (a) Secretary, Rocket Engine Test Laboratory, 
Edwards AFB, Calif. Home: 102 N. 27th St., Harlingen, Tex. 


ROSS, MORTON, (m) Project Engr., Arma Div. American Bosch Arma 
Corp., Roosevelt Field, Garden City, N. Y. Home: 15 Hewman 
Pl., Bethpage, N. Y. (IG, SP) 

ROSS, PETER A., (s) Northwestern Tech. Inst., M. E. Dept., Evanston, 
Ill. Home: 124 Fourth St., Wilmette, Ill. (PC, RJ) 

ROSS, RUSSELL H., (m) Project Aerodynamics Engr., Convair, A 
Division of General Dynamics Corp., Grants Lane, Ft. Worth, 
Tex. Home: 4109 Bonnie Dr., Ft. Worth 16, Tex. (SR, SP) 


ROSS, STANLEY, (s) Harvard University, Cambridge, Home: 
279 Hewes St., Brooklyn 11, N. Y. (IG, SP) 

ROSSEN, JOEL N., (m) Chemical Engr., Chemistry Div., Atlantic Re- 
search Corp., 907 N. Columbus St., Alexandria, Va. Home: 3211 
Ravensworth PIl., Alexandria, Va. (PC, SR) 

ROSSMAN, THEODOR G., (m) Rocket Consultant, Rocket Div., Bell 
Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 423 Allenhurst 
Rd., Buffalo 23, N. Y. (LR, PC) 

ROSSONI, GIAMPIERO, (m) Instructor IBM Electronic Calculators 
(Methods), Applied Science Div., International Business Ma- 
chines, 678 Massachusetts Ave., Cambridge, Mass. Home: 610 
West 116th St., New York 27, N. Y. (SP) 

ROTH, DON C., (m) Engr., Cessna Aircraft Co., Prospect Plant, 
Wichita, Kan. Home: 1616 W. McArthur Rd., Wichita 13, Kan. 
(SP) 

ROTH, HAROLD H., (m) Engr., Missile & Drdnance Dept., General 
Electric Co., 3198 Chestnut St., Philadelphia, Pa. Home: 7347 
Woodbine Ave., Philadelphia, Pa. 

ROTH J.(OHN) REECE, (s) Massachusetts Institute of Technology, 
Cambridge, Mass. Home: 3 Ames St., Cambridge 39, Mass. 
(LR, SP) 

ROTH, LUDWIG, (m) Executive Assist., Solar Aircraft Company, 2200 
Pacific Highway, San Diego 12, Calif. Home: 870 San Antonio 
Pl., San Diego 6, Calif. (LR, SR) 

ROTH, WILLIAM I., (s) Polytechnic Institute of Brooklyn, 85 Living- 
ston St., Brooklyn, N. Y. Home: 1717 Ave. N, Brooklyn 30, N. Y. 
(PC, SP) 

ROTHBART, MICHAEL, (m) Plant Mgr., Pacific Automation Products, 
Inc., 1000 Air Way, Glendale 1, Calif. Home: 1126 Linda Vista 
Ave., Pasadena 3, Calif. (IG) 

ROTHMAN, DAVID, (m) Engr.-Research, Rocketdyne, A Division of 
North American Aviation, Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 22139 Schoolcraft St., Canoga Park, Calif. (LR, PC) 


ROTHMAYER, NOEL Y., (m) Proj. Engr., Facilities Dept., Reaction 
Motcrs, Inc., Denville, N. J. Home: 86 South St., Morristown, 
N. J. (LR, SP) 

ROUKIS, JOHN G., (m) Asst. Chief of Propulsion, Grumman Aircraft 
Eng. Corp., Bethpage, L. |., N. Y. Home: 18 Warrenton Court, 
Huntington, N. Y. (LR, RJ) 

ROW, LEE W. JR., (a) Engr. Draftsman, Propulsion, The Martin 
Co., Denver, Colo. Home: 1255 Ammons St., Denver 15, Colo. 
(SP) 

ROWE, ROBERT D., (m) Staff Scientist, Convair, Scientific Research 
Laboratory, 3595 Frontier St., San Diego 10, Calif. Home: 4033 
S. Hempstead Circle, San Diego 16, Calif. 

ROWEN, BURT, (m) Lt. Col. USAF (MC), Chief, Human Factors Br., 
Air Force Flight Test Center, Edwards AFB, Calif. Home: 11-16 
St., Edwards, Calif. (IG, SP) 

ROWLEY, JOHN C., (m) Staff Member, Scientific Laboratory, Uni- 
versity of Calif., P.O. Box 1663, Los Alamos, N. M. Home: 3620 
Gold A-7, Los Alamos, N. M. (SP) 

ROWLEY, WILLIAM H., (m) Mgr. Dayton Office, Aeroquip Corp., 11 
Monument Blidg., Dayton 2, O. Home: 137 Lakeview Dr., Center- 
ville, O. (LR, RJ) 

ROYALL, WILLIAM L., (m) Sr. Project Engr., Engr. Res. & Develop- 
ment Laboratories, Fort Belvoir, Va. Home: 6418 Brookside Dr., 
Alexandria, Va. (LR, SR) 

RUBENSTEIN, MARTIN A., 
Hunter-Bristol Corp., 
Levittown, Pa. 

RUBINO, RICHARD G., (s) Southern Illinois University, Carbondale, 
Ill. Home: 24 Kensington Ave., Bradford, Mass. (IG, SP) 


Inc., 


Mass. 


(m) Chief Engr., Aero-Mechanical Div., 
Bristol, Pa. Home: 32 Peachtree Lane, 


89 


RUBY, SAMUEL, (m) Chemical Consultant and Group Coordinator, 
Arkay Research Associates, 106 West First, Wichita 2, Kan. 
Home: 222 E. Elm St., Wichita 2, Kan. (PC, SP) 


RUCKERT, WILLIAM CARL, (m) Customer Relations Mgr., The Martin 
Company, P.O. Box 179, Denver 1, Colo. 

RUCKS, EDWARD L., (m) Head, Structural Plastics Dept., Aerojet- 
General Corp., Irwindale Ave., Azusa, Calif. Home: 2870 E. 
Clarmeya, Pasadena 8, Calif. (PC, SR) 

RUCKSTUHL, CHARLES E. JR., (m) Eastern Electronics Representa- 
tive, Bendix Aviation Corp., 11600 Sherman Way, North Holly- 
wood, Calif. Home: Old Range Rd., Wilton, Conn. (IG) 

RUDE, ARTHUR H., (m) Executive Vice Pres., Aerojet-General Corp., 
Azusa, Calif. Home: 143 E. Sycamore, Arcardia, Calif. 

RUDER, NATHAN S., (m) Rocket & Ramjet Propulsion Group Engr., 
Pilotless Aircraft Div., Boeing Airplane Co., Seattle, Wash. Home: 
6133 Oakhurst Rd., Seattle, Wash. (LR, PC) 

RUDINGER, GEORGE, (m) Principal Physicist, Aerodynamic Research 
Dept., Cornell Aeronautical Laboratory, Inc., 4455 Genesee, 
Buffalo 21, N. Y. Home: 750 N. Delavan, Buffalo 22, N. Y. 


RUDNEFF, ILYA A. (m) Engrng., Ames Laboratory, N.A.C.A., Moffett 
Field, Calif. Home: 360 Hawthorne St., Monterey, Calif. 

RUDOLPH, ARTHUR, (m) Tech. Dir., Dev. Op. Div., Army Ballistic 
Missile Agency, Huntsville, Ala. Home: 3217 Panorama Dr., Rt. 
4, Box 296, Huntsville, Ala. 

RUFFE, RICHARD G., (m) Convair-Astronautics, 
Dynamics Corp., Patrick AFB, Cocoa Beach, Fla. Home: 
Washington Ave., Titusville, Fla. 

RUGGE, GEORGE F., JR., (m) Capt. USAFR, Missile Test Engr., Gen- 
eral Dynamics Corp., Box 1011, Pomona, Calif. Home: 790 Red- 
ding Way, Upland, Calif. 

RUGGIERO, DANIEL J., (m) Technical Specialist, Knolls Atomic Power 
Lab., General Electric Co., Schenectady, N. Y. Home: Box 7, 
Jonesville, N. Y. (PC, SR) 

RUGHEIMER, ARTHUR H., JR., (m) President & Gen. Mgr., Chemical 
Engrng., Engineering Specialties, Box 6471, Philadelphia 45, Pa. 
(LR, SP) 

RUHLIG, ARTHUR J., R., (m) Head, Radar Dept., Aeronutronic Sys- 
tems Inc., 1234 Air Way, Glendale, Calif. Home: 8923 Enfield, 
Northridge, Calif. (IG, SP) 

RUMBEL, KEITH E., (m) Director, Chemical Engrng. Div.,. Atlantic 
Research Corp., 901 North Columbus St., Alexandria, Va. Home: 
19 Hazelton St., Fails Church, Va. (PC, SR) 

RUMBOLD, SIDNEY G., (m) Proj. Engr., Missile Rockets, Aerojet- 
General Corp., Azusa, Calif. Home: 1430 Wells Ave., Claremont, 
Calif. (LR, PC) 

RUMMELL, JACK R., (m) Proj. Mgr., Res. & Dev., Daniel, Mann, John- 
son & Mendenhall, 3325 Wilshire Blvd., Los Angeles 5, Calif. 

RUMREICH, FRANK W., (s) Graduate Asst., Ohio State Univ., Colum- 
bus 10, O. Home: 3974 No. 29 St., Milwaukee 16, Wis. (SP) 

RUNGE, FRITZ C., (m) Flight Test Planning Engr., Ramo-Wooldridge 
Corp., 5740 Arbor Vitae, Los Angeles 45, Calif. Home: 9420 
Airport Blvd., Apt. 19, Los Angeles 45, Calif. (LR, SP) 

RUNSTADLER, PETER W., JR., (s) Stanford University, 
Calif. Home: 1259 Morningside Dr., Sunnyvale, Calif. 

RUPE, JACK H., (m) Sr. Res. Engr., JPL, California Institute of Tech- 
nology, 4800 Oak Grove Dr., Pasadena, Calif. Home: 8821 Hill- 
roe Dr., Sunland, Calif. (LR) > 

RUPERT, R. C., (m) Member, Technical Staff, The Ramo-Wooldridge 
Corp., P.O. Box 45564, Airport Station, Los Angeles 45, Calif. 
Home: 23,515 Susana Ave., Torrance, Calif. 

RUSH, E. E., (m) Mech. Engr., Phillips Petroleum Co., 
Tex. Home: 3609 N. 27th, Waco, Tex. 

RUSLING, DONALD H., (m) Nuclear Engr., Convair, Div. of General 
Dynamics Corp., Ft. Worth, Tex. Home: 3804 Bryce, Ft. Worth 
7, Tex. (IG) 

RUSSELL, CHARLES F., (a) President, C. F. Russell Co. Inc., 146 
Fourth Ave., Bay Shore, N. Y. Home: 275 Lakeview Ave., W., 
Brightwaters, N. Y. (SR, SP) 

RUSSELL, C. R., (a) Test Engr., Bendix Products Division, Missile 
Section, Bendix Aviation Corp., 400 S. Beiger St., Mishawaka, 
Ind. Home: 420 S. 25th, So. Bend 15, Ind. (PC, RJ) 

RUSSELL, ORLAND L., (a) Res. Psychologist, Visability Lab., Scripp’s 
Institute of Oceanography, University of California, San Diego 
52, Calif. Home: 6264 W. Michigan Ave., East Lansing, Mich. 


RUSSELL, RICHARD JAMES, (s) Purdue University, 1261 W. State St., 
W. LaFayette, Ind. Home: Rt. 1, Box 308, Libertyville, Ill. (LR, SP) 

RUSSELL, RONALD L., (m) Scientific Detachment, Res. & Liaison 
Group, 7987 AU, APO 757, New York, N. Y. (SP) 

RUSSELL, WILLIAM T., (m) Mgr., Inertial Guidance, The Ramo- 
Wooldridge Corp., 576 Arbor Vitae St., Los Angeles 45, Calif. 
Home: 9406 Fleetwing Ave., Los Angeles 45, Calif. 

RUSSI, MICHAEL J., (m) Thermodynamics Section Supvr., Power- 
plants Div., Marquardt Aircraft Co., 16555 Saticoy, Van Nuys, 
Calif. Home: 17340 Devonshire St., Northridge, Calif. (PC, RJ) 

RUSSO, PATRICK L., (m) Academy of Aeronautics, LaGuardia Air- 
port, N. Y. Home: 13 Cross Ridge Dr., Old Greenwich, Conn. 


A Div. of General 
1216 


Stanford, 


McGregor, 


— 
4 
q 


RUTKOWSKI EUGENE V., (m) Rocket Design Engr., Code 4042, 
USNOTS, China Lake, Calif. Home: 308-A, Entwistle, China Lake, 
Calif. (LR, SP) 

RUTKOWSKI, JOSEPH, (m) Wayne State University, Detroit 2, Mich. 
Home: 5 Ridgemont Court, Dearborn 7, Mich. (RJ, SP) 

RUTSCHMAN, CHARLES L., (m) Thermodynamics Engr., Temco Air- 
craft Corp., 3306 E. Main St., Dallas, Tex. Home: 2921 E. Bink- 
ley, Apt. 50, Dallas, Tex. 

RYPINSKI, ROBERT B., (m) Chief Engr., Missile Field Operation Sec- 
tion, Chrysler Corporation, P.O. Box 2628, Detroit 31, Mich. 
Home: Hotel Whittier, 419 Burns Dr., Detroit 14, Mich. (IG) 


Ss 


SABINE, KENNETH E., (a) Publications Section Head (Missiles), 
Douglas Aircraft Co., Inc., 1500 Fourth St., Santa Monica, Calif. 
Home: 5900 Zelzah Ave., Encino, Calif. (IG, LR) 

SABOLIC, VICTOR V., (s) Case Institute of Technology, University 
Circle, Cleveland 3, O. Home: 1051 Addison Rd., Cleveland 3, 
O. (IG, SP) 

SACHS, IVAN BAER, (s) New York University, University Heights, 
Bronx, N. Y. Home: 135 W. 183rd St., Bronx, N. Y. (IG, SP) 
SACKMAN, JEROME L., (s) Guggenheim Fellow, Institute of Flight 
Structures, Columbia University, New York 27, N. Y. Home: 

200-20—104th Ave., Hollis, N. Y. (LR, SP) 

SADLER, CARL L., (m) Mgr., Sunstrand Aviation, Div. of Sundstrand 
Machine Tool Co., 2421—11th St., Rockford, Ill. Home: 2416 
Harlem Bivd., Rockford, Ill. (IG, SP) 

SADLER, ROBERT M., (s) Armament Evaluation Engr., Aerial Measure- 
ments Laboratory, Northwestern University, 2422 Oakton St., 
Evanston, Ill. Home: 1400 Central St., Evanston, Ill. (IG, SP) 

SAFFER, CHARLES M., JR., (m) Asst. Mgr., National Northern Corp., 
West Hanover, Mass. Home: 1385 Morrissey Blvd., Quincy, Mass. 
(PC, SR) 

SAGE, CHARLES G., (m) President, Arde Associates, 75 Austin St., 
Newark 2, N. J. Home: 712 Linwood Ave., Ridgewood, N. J. (SR) 

SAGER, PAUL H., JR., (m) Sr. Engr., Res. & Dev., Reaction Motors 
Inc., Denville, N. J. Home: 87 Kendall Crt., Dover, N. J. 

SAIGH, PHILIP A., (a) Associate Research Engr., American Machine 
& Foundry Co., 1104 S. Wabash Ave., Chicago 5, Ill. Home: 906 
No. Austin Bivd., Oak Park, Ill. (SR) 

SALDINGER, IRWIN, (s) University of California, Los Angeles 35, 
Calif. Home: 1026 So. Corning St., Los Angeles 35, Calif. 
SALISBURY, HENRY M., (m) Res. Test Engr., System Test Lab., 
Convair-Astronautics, Div. of General Dynamics Corp., San 
Diego, Calif. Home: 2018 Cecelia Terrace, San Diego, Calif. 

(IG, SP) 

SALKELD, HARRY D., (m) Stevens Institute of Technology, Hoboken, 
N. J. Home: 341 Huntington Rd., Union, N. J. (LR, RJ) 

SALLEY, DONOVAN J., (m) Tech. Asst. to the General Mgr., Research 
Div., American Cyanamid Company, 30 Rockefeller Plaza, New 

a York 20, N. Y. Home: Wire Mill Rd., Stamford, Conn. (LR, PC) 

- SALMASSY, OMAR K., (a) Sr. Scientist, Research & Advanced De- 

velopment Div., Avco Mfg. Co., Lawrence, Mass. Home: 8 Church 

; St., Wakefield, Mass. (LR, SP) 

bd SALTER, JAMES W., (m) Lcdr., Contracts Administration, Project 

>- Vanguard, U. S. Naval Research Laboratory, Washington 25, 

D. C. Home: 3910 Gannon Rd., Silver Springs, Md. 

_ SALTER, ROBERT M., JR., (m) Asst. Weapon System Mgr., Missile 

- System Div., Lockheed Aircraft Corp., 7701 Woodley, Van Nuys, 

a Calif. Home: 2159 Edgewood Dr., Palo Alto, Calif. (IG, SP) 

au ‘SALTER, TOM, (m) Vice Pres., Engrng., Cessna Aircraft Co., Wichita, 

Kan. Home: 305 Morningside, Wichita, Kan. 

_ SALVADOR, GALDINO, (m) Field Test Rep. Missile Operations Chrys- 

ler Corp. P.O. Box 2628, Detroit 31, Mich. Home: 1509 E. Clin- 

ton, Huntsville, Ala. (LR, SP) 

_ SALVATO, VITO C., (s) Academy of Aeronautics, LaGuardia Airport, 

; N. Y. Home: 92-18 176th St., Jamaica, N. Y. 

id  SALWICK, WILLIAM V., (m) Engr., Dept. of the Army, Ballistic Mis- 

sile Office, Resident Liaison Engr., Rocketdyne, 6633 Canoga 

Ave., Canoga Park, Calif. Home: 14319 Lanning Dr., Whittier, 

Calif. (LR, SP) 

_ SALZMAN, JEROME, (m) Asst. Project Engr., Development Staff, Re- 

action Motors, Inc., Denville, N. J. Home: 98 Oakland Ave., Rock- 

away, N. J. (LR, SR) 

 SAMEK, MICHAEL J., (m) Wright Aeron. Div., Curtiss-Wright Corp., 

7 Wood Ridge, N. J. Home: 220 E. 73rd St., N. Y. 21, N. Y. (LR, SP) 

_ SAMMIS, EDWARD A., (m) Sr. Engr., Sperry Gyroscope Co., Div. of 

Lo, Sperry Rand Corp., Great Neck, N. Y. Home: 146 Yale St., 

Roslyn Heights, N. Y. 

- SAMPOU, ANDRE P., (s) Chrysler Inst. of Engrng., Chrysler Corp., 

13800 Oakland H.P. 3, Mich. Home: 5735 Lawrence, Chicago, 

ll. (LR, SP) 

_ SAMUELS, JAMES L., (a) University of Wichita, 1845 N. Hillside, 

Wichita, Kan. Home: 240 N. Topeka, Apt. 203, Wichita 2, Kan. 

(LR, SP) 

SANCHEZ, ABELARDO, (m) Crew Chief, Air Force Flight Test Center, 

Edwards AFB, Calif. Home: 29 Circle Dr., Apt. 3, Edwards, Calif. 

(LR, SP) 


90 


SANCHINI, DOMINICK J., (m) Rocketdyne, A Div. of North American 
Aviation, Inc., Canoga Park, Calif. Home: 5740 Cahill Ave., Tar- 
zana, Calif. (LR) 

SANDERS, ALBERT D., (m) Engr., Aircraft Gas Turbine Div., General 
Electric Co., Cincinnati, O. Home: 415 Geary Crt., Owensboro, Ky. 

SANDERS, FREDERICK A., (m) Production Engr., M. Greenberg’s 
Sons, 765 Folsom St., San Francisco 7, Calif. Home: 391 Cor- 
delia Way, Walnut Creek, Calif. (LR, PC) 

SANDERS, JAMES J., (s) University of Wichita, Wichita, Kan. Home: 
1451 North Vassar, Wichita 14, Kan. (IG, SP) 

SANDERS, JOHNNY L., (s) University of Arizona, Tucson, Ariz. Home: 
1649 East 13th, Tucson, Ariz. (IG, SP) 

SANDERS, WILLIAM C., (m) Preliminary Design, Pilotless Aircraft 
Division, Boeing Airplane Co., Seattle, Wash. Home: 7550 Lake- 
ridge Dr., Seattle 88, Wash. (SR, SP) 

SANDORFF, PAUL E., (m) Assoc. Prof., Massachusetts Institute of 
Tech., Cambridge 39, Mass. Home: 21 Tyler Rd., Lexington, 
Mass. (SR, SP) 

SANDS, NORMAN, (a) Res. Scientist, Supersonic Propulsion Division, 
NACA, 21000 Brookpark Rd., Cleveland, O. Home: 9107 Fairway 
Ave., Maple Heights, O. (SP) 

SANDS, WILLIAM J., (s) Tech., Experimental Rocket Engine Test 
Lab., Edwards AFB, Calif., P.O. Box 742, Edwards, Calif. Home: 
823 Scull St., Lebanon, Pa. (LR, SP) 

SANDSTROM, R. J., (m) Vice President, General Mgr., Weapon Sys- 
tem Div., Bell Aircraft Corp., P.O. Box One, Buffalo 5, N. Y. 
Home: 172 Woodcrest Blvd., Kenmore 23, N. Y. (SP) 

SANGER, FRANK M., JR., (m) U. S. Naval Inspector of Ordnance, 
400 S. Beiger St., Mishawaka, Ind. Home: 1637 Southbrook Dr., 
South Bend 14, Ind. (IG) 

SANE, JAMES O., (s) Purdue University, Box 780, Cary Hill, W. 
Lafayette, Ind. Home: 6949 Harrison, Hammond, Ind. (LR, PC) 

SANNER, EDGAR G., (m) President, Callery Chemical Co., 201 North 
Braddock Ave., Pittsburgh 8, Pa. Home: 411 South Murtland 
Ave., Pittsburgh 8, Pa. 

SANSCRAINTE, WILLARD ALLEN, (m) Project Engr., Becco Chemical 
Div., Food Machinery and Chemical Corp., Buffalo 7, N. Y. Home: 
45 Fairlane Ave., Tonawanda, N. Y. 

SANSONETTI, JOSEPH P., (m) Chief, Guided Missiles and Rockets 
Branch, U. S. Army Chemical Warfare Laboratory, Army Chemi- 
cal Center, Md. Home: Box 201, Rock Spring Rd., Forest Hill, 
Md. (SR, SP) 

SARBACH, DONALD V., (m) Director of Res., Executive Offices, 
Hewitt-Robins, Inc., 666 Glenbrook Rd., Stamford, Conn. Home: 
Lord’s Highway, RD #2, Weston, Conn. (LR, PC) 

SARBACKER, ROBERT E., (a) Designer, Consulting Services, Du Wes 
Engineering Co., 2613 Wilshire Blvd., Santa Monica, Calif. Home: 
1508 Singingwood Ave., Pomona, Calif. 

SARGENT, HERBERT B., (a) Res. Engr., Linde Company, A Div. of 
Union Carbide Corp., Speedway Laboratory, Indianapolis, Ind. 
Home: 923 E. 34th St., Indianapolis, Ind. 

SARLITTO, RAYMOND J., (m) Project Engr., Preliminary Design, Alli- 
son Div., General Motors Corp., Indianapolis, Ind. Home: 2269 
Harlan St., Indianapolis, Ind. (LR, RJ) 

SARNER, STANLEY F., (m) Rocket Engr., Applied Res. Div., General 
Electric Co., Evendale, O. Home: 1847 Yorktown Rd., Cincinnati 
37, O. (LR, PC) 

SARRIS, GARY, (s) Purdue University, 535 Harrison Ct., West Lafay- 
ette, Ind. Home: 9319 Ballard Rd., Des Plaines, Ill. (RJ, SP) 
SARTORE, S. R., (m) Mgr., Airborne Systems, Weapon System Test 
Management, Lockheed Aircraft Corp., Sunnyvale, Calif. Home: 

1528 Wistaria Court, Los Altos, Calif. (SR, SP) 

SATIN, ALEXANDER, (m) Sr. Scientific Advisor, Development Plan- 
ning, Lockheed Aircraft Corp., 2555 N. Hollywood Way, Burbank, 
Calif. Home: 4386 Beck Ave., N. Hollywood, Calif. (SP) 

SATO, KAZUHIKO, (m) Sr. Engr., Liquid Eng. Div., Aerojet-General 
Corp., 6352 N. Irwindale Ave., Azusa, Calif. Home: 2000 N. 
Arroyo Bivd., Pasadena, Calif. (LR) 

SAUL, SOL, (m) Sr. Structures Engr., Structures Dept., Republic 
Aviation Corp., Farmingdale, Long Island, N. Y. Home: 3 Theo- 
dore Dr., Bethpage L. |., N. Y. (LR, SP) 

SAUNDERS, SARAH G., (a) Math. Analyst, Aerojet-General Corp., 
Azusa, Calif., Home: 1035 E. Meda Ave., Glendora, Calif. 

SAURMAN, WILLIAM N., (a) Service Publications Writer, Specifica- 
tions & Contract Estimates, Douglas Aircraft Co., Inc., 3000 
Ocean Park Bivd., Santa Monica, Calif. Home: 946 Iliff St., Pa- 
cific Palisades, Calif. (IG, LR) 

SAVAGE, ROBERT B., (a) Major, USAF, Holloman AFB, N. M. Home: 
Box 472, HAFB, N. M. (IG, SP) 

SAVARD, GUY, (a) Mgr.-Develop. & Engrng. Dept., Chnadian Liquid 
Air Co. Ltd., Room 505, 1111 Beaver Hall Hill, Montreal, Can. 
(LR, PC) 

SAWICKI, STEPHEN M., (m) Sr. Process Engr., Quality Control 
Engrng., Aircraft Eng. Div., Ford Motor Co., 7601 So. Cicero, 
Chicago, III. Home: 3015 Knollwood Lane, Glenview, Ill. 

SAWYER, HOUGHTON F., (m) Supvr., Electronic Production Engrng., 
Guided Missile Div., Firestone Tire & Rubber Co., 2525 Firestone 
Bivd., Los Angeles, Calif. Home: 10623 Coolhurst Dr., Whittier, 
Calif. (IG, SP) 


sc 


sc 


x 
* 
| 
‘ 
§ 
s 
Ss 
¥ 
st 
St 
= 
= 
sc 
sc 
Sci 
Sci 
Sci 
SCI 
SCk 
SCH 
SCH 
SCH 
SCH. 
SCHI 
SCHI 
SCHI 
SCHE 
SCHE 
t 
I 
SCHE 


SAWYER, R. TOM, (m) Consultant. Home: HoHokus, N. J. (LR, RJ) 
SAWYER, WINSLOW A., (m) Engrng. Physics, Arthur D. Little Inc., 30 

Memorial Dr., Cambridge, Mass. Home: 64 Cedarcliff Rd., Brain- 
tree, Mass. (SR) 

SAXON, HERBERT, (m) Structural Engr Stress Unit, North American 
Aviation Inc., 12214 Lakewood Blvd., Downey, Calif. Home: 5035 
Fidler Ave., Lakewood, Calif. (IG, SP) 

SCADRON, MARVIN, (m) Chief Engr., Aero. Research Instrument Co., 
315 N. Aberdeen St., Chicago, Ill. Home: 8706 St. Louis, Sko- 
kie, Ill. (1G) 

SCALA, SINCLAIRE M., (s) Aerophysics Laboratory Engr., M.O.S.D., 
General Electric Co., Philadelphia 4, Pa. Home: 905 E. Phil- 
Ellena St., Philadelphia 50, Pa. (LR, PC) 

SCANLAN, JACK A., (m) Assist. Prof. of Mech. Engrng., University of 
Texas, Austin, Tex. Home: Rt. 7, Box 55-D, Austin, Tex. (IG, SP) 

SCARNO, IRWIN M., (s) Polytechnic Institute of Brooklyn, N. Y., 99 
Livingston St. Home: 21 Winthrop PIl., Staten Island 14, N. Y. 

SCARPIELLO, DANIEL A., (m) Res. Chemist, Liquid Engines, Aerojet- 
General Corp., 6357 N. Irwindale Ave., Azusa, Calif. Home: 288 
S. Marengo, Pasadena, Calif. 

SCATTERGOOD, WILLIAM L., (a) Electronic Tech., Convair-Astronau- 
tics, A Division of General Dynamic Corp., Patrick AFB, Fla. 
Home: Coral Reefs, Rt. 1, Box 619, Eau Gallie, Fla. (1G, LR) 

SCESA, STEVE, (a) Staff Member, Aeronautics Div., Aeronutronic 
Systems, Inc., 1234 Air Way, Glendale, Calif. Home: 11284 Mon- 
tana Ave., Los Angeles 49, Calif. (PC, SR) 

SCHAAFSMA, WILLEM, (m) Chief Engr., Grand Central Rocket Co., 
P.O. Box 111, Redlands, Calif. Home: 1637 Henrietta St., Red- 
lands, Calif. (SR, SP) 

SCHAAR, PETER L., (s) Texas A & M College, College Station, Tex. 
Home: 2629 Highview Terrace, Ft. Worth 9, Tex. (LR, SP) 

SCHACK, GROVER J., (a) Aero. Medical Field Lab., Holloman AFB, 
N. M. Home: 2307 Aspen Dr., Alamogordo, N. M. (IG, SP) 

SCHAEFER, EVERETT B., (m) Asst. Chief Engr., Canadair Ltd., P.O. 
Box 6087, Montreal, P.Q. Canada. Home: 3500 Rue De La Mon- 
tagne, Montreal, P.Q. Canada. (IG, SP) 

SCHAEFER, HERBERT, (a) Proj. Engr., Kollsman Instrument Corp., 
80-08—45th Ave., Elmhurst, N. Y. Home: 83-26 Vietor Ave., Elm- 
hurst, N. Y. (IG, SP) 

SCHAFER, ROLLIE R., JR., (s) Akron High School, Akron, Colo. Home: 
555 Delta Ave., Akron, Colo. (LR, SP) 

SCHAEFFER, C. F., (m) Tech. Director, Norden Laboratory Div., Nor- 
den Ketay Corp., 121 Westmoreland Ave., White Plains, N. Y. 


SCHAFFER, ALLAN B., (s) Res. Fellow, Gas Dynamics Laboratory, 
Northwestern University, Evanston, Ill. Home: 3573 Greenfield 
Ave., West Los Angeles 34, Calif. 

SCHAFF, ALFRED, JR., (m) Mgr. Test & Field Service Solid Rockets 
Plant, Aerojet-General Corp., Azusa, Calif. Home: 1210 Wilson 
Dr., W. Covina, Calif. (IG, SR) 

SCHAFFER, DAVID J., (m) Sr. Proj. Engr., Rocket Engine Controls, 
Bendix Products Div., Bendix Aviation Corp., South Bend, Ind. 
Home: 3422 Brighton Pl., South Bend 15, Ind. (IG, LR) 

SCHALLA, CLARENCE A., (m) Chief Proj. Engr., Res. & Devel., Pesco 
Products Div., Borg-Warner Corporation, 24700 North Miles Rd., 
Bedford, O. Home: 17107 Eldamere Ave., Cleveland 28, O. 
(LR, PC) 

SCHALLER, ALBERT L., (s) University of Detroit, 4001 W. McNichols 
Rd., Detroit 21, Mich. Home: 11447 Sanford, Detroit 5, Mich .(RJ) 

SCHALLER, ROBERT L., (m) Pres., Southwestern Valve Corp., 2215 
S. Standard Ave., Santa Ana, Calif. Home: 2412 N. Oakmont 
Ave., Santa Ana, Calif. (IG, PC) 

SCHALOW, PETER S., (m) Assoc. Engr., Flight Test (Aerodynamics), 
Douglas Aircraft Co., Santa Monica, Calif. (IG, SP) 

SCHAPKER, RICHARD L., (m) Graduate Student, Aero. Engrng., 
Massachusetts Institute of Technology, Cambridge, Mass. Home: 
2197 Shasta Pl., Cincinnati 11, O. 

SCHARF, REINHARD W., (m) Chemical Engr., Rocket Fuels Div., 
Phillips Petroleum Co., Box 548, McGregor, Tex. Home: 3504 W. 
Brookview Dr., Waco, Tex. (PC, SR) 

SCHAUM, ROUNSEVELLE W., (m) Instr., Analog Computer Theory, 
Ordnance Guided Missile School, Redstone Arsenal, Huntsville, 
Ala. Home: 1134 N. Chester, Pasadena 2, Calif. (IG, SP) 

SCHECHTER, WILLIAM R., (m) Vice Pres.-Operations, Callery Chemi- 
cal Company, Callery, Pa. Home: R.D. 1, Zelienople, Pa. (PC, SR) 

SCHEELE, WESLEY W., (m) Mech. Engr., Tech. Dept., Drones Div., 
Radioplane Co., 8000 Woodley Ave., Van Nuys, Calif. Home: 
9400 Varna Ave., Pacoima, Calif. 

SCHEFFER, ROBERT A., (m) Instrument Engr., Rocket Engine Section 
General Electric Co., Cincinnati 15, O. Home: 613 Maple Dr., 
Reading 15, O. (IG, LR) 

SCHEINMAN, ROBERT L., (a) R. L. Scheinman & Co., 120 Broadway, 
New York, N. Y. Home: Hartsdale, N. Y (SP) 

SCHEPIS, JOSEPH ANTHONY, (m) Engr., General Electronic Labora- 
tories, Inc., 18 Ames St., Cambridge, Mass. Home: 38 Lewis 
Dr., Randolph, Mass. (IG, SR) 

SCHEVER, LEWIS J., (m) Director of Engrng., Missile Devel., Ford 
Instrument Co., Div., Sperry Rand Corp., 30-10 41st Ave., Long 
Island City 1, N. Y. Home: Beaver Hill Lane, RFD 5, Huntington, 
N. Y. (IG, SP) 


SCHIAVONE, DANIEL C., (m) Head, Power Plant Design Dept., Mis- 
sile Operations, Chrysler Corp., P.O. Box 2628, Detroit 31, Mich. 
Home: 2910 Middlebury Lane, Birmingham, Mich. (LR) 

SCHIEWE, ROBERT M., (s) Purdue University, 462 Vine St., W. Lafay- 
ette, Ind. Home: 602 Richmond Ave., Richmond, Ind. (PC) 

SCHIFF, RAYMOND M., (s) Field Service Engr., REAC, Reeves Instru- 
ment Corp., Roosevelt Field, Garden City, N. Y. Home: 190 
Manor Pkwy., Uniondale, N. Y. (IG, SP) 

SCHIFFEL, JOSEPH W., (m) Chief Engr., Special Projects, Ingersoll 
Div., Borg-Warner Corp., 1810 No. Pitcher St., Kalamazoo, Mich. 
Home: 2325 Crane Ave., Kalamazoo, Mich. (LR, SR) 

SCHILD, LYNDEL B., (s) N. Y. Central R. R., 466 Lexington Ave., 
New York. N. Y. Home: Greenfield, Ill. (PC, RJ) 

SCHILLING, CLARENCE J., (m) V. P. and Chief Engr., Air Products, 
Inc., P.O. Box 538, Allentown 1, Pa. (LR) 

SCHILLING, GERHARD F., (m) Executive Assist. to the Dir., Smith- 
sonian Astrophysical Observatory, 60 Garden St., Cambridge 
38, Mass. Home: 6 Rotherwood Road, Newton Centre 59, Mass. 
(IG, SP) 

SCHILLING, MARTIN, (m) Chief, Proj. Management Staff, Res. & Dev. 
Div., Redstone Arsenal, Huntsville 5, Ala. Home: 912 Locust St., 
Huntsville 5, Ala. (IG, SP) 

SCHILLING, WILLIAM H., JR., (m) Member, Tech. Staff, Ramo- 
Wooldridge Corp., Los Angeles, Calif. Home: 27622 Saddle Rd., 
Rolling Hills, Calif. 

SCHIMA, FRANCIS J., (s) St. Procopius College, Lisle, Ill. 
4035 Forest Ave., Brookfield, Ill. (LR, SP) 

SCHINDLER, WILLIAM R., (s) University of Maryland, College Park, 
Md. Home: 12215 Dalewood Dr., Wheaton, Md. (IG, SP) 
SCHLACHTA, HENRY B., (s) Sir George Williams College, 1435 Drum- 
mond St., Montreal, Quebec, Can. Home: 4920 Bessborough 

Ave., Montreal 29, Quebec, Can. 

SCHLAPIA, HAROLD A., JR., (s) Radar Tech., USAF, 669 AC & W, 
Port Hueneme, Calif. Home. Rt. 1, Box 85, Fillmore, Calif. 
(LR, SP) 

SCHLUNDT, DONALD W., (a) Design Engr., Power Plant Dev., North 
American Aviation, Inc., International Airport, Los Angeles 45, 
Calif. Home: 3600 Carmona Ave., Los Angeles 16, Calif. (RJ, SP) 


SCHMADEBECK, LOUIS F., (m) Electronic Tech., Rocket Dev. Br., 
Naval Research Laboratory, Washington 25, D. C. Home: 4802 
Hamilton St., Hyattsville, Md. (IG) 

SCHMADEBECK, RICHARD L., (s) Home: 4802 Hamilton St., Hyatts- 
ville, Md. (1G) 

SCHMIDT, F. ROBERT, (m) Aero. Rocket Powerplant Res. Engr., 
Vanguard, Naval Research Laboratory, Washington 25, D. C. 
Home: 7405 Luray Pl., SE, Washington 28, D. C. (LR, SP) 

SCHMIED, WILLIAM F., JR., Assist. Project Engr., Autonetics, A 
Division of North American Aviation, Inc., 9150 E. Imperial Hwy., 
Downey, Calif. Home: 13912 S. Piuma Ave., Norwalk, Calif. (IG) 


SCHMIDT, E., (m) Consultant, General Electric Co., Sch2nectady, 
N. Y. Home: 9 N. Church, Schenectady, N. Y. (IG, SP) 

SCHMIDT, GERALD F., (a) Pre-Design Engr., Beech Aircraft Corp., 
Wichita, Kan. Home: 2260 S. Hydraulic, Wichita, Kan. (LR, SP) 

SCHMIDT, HAROLD W., (m) Aeronautical Res. Scientist, NACA, 21000 
Brookpark Rd., Cleveland, O. Home: 940 Broadway East, Cuya- 
hoga Falls, O. (PC, SP) 

SCHMIDT, LEO A., (m) Sr. Res. Engr., Armour Research Foundation, 
10 W. 35th St., Chicago 16, III. Home: 510 Bonnie Brae, River 
Forest, Ill. (IG, SP) 

SCHMIDT, RICHARD A., (m) Assist. Chief, Rocket Engine Test Lab., 
Edwards AFB, Calif. Home: 45002—16th St. W., Lancaster, Calif. 
(LR, SP) 

SCHMIDT, WALTER H., (s) Purdue University, Res. ‘‘X’’, Box 466, 
West Lafayette, Ind. Home: RD 1, Box 88, Farmingdal2, N. J. 
(LR) 

SCHMINKE, THOMAS K., (s) Stevens Institute of Technology, Hobo- 
ken, N. J. Home: 5th & Hudson Sts., Hoboken, N. J. (IG, SP) 


SCHMITT, HEINZ E., (m) Engine Design Specialist, Flight Propul- 
sion Laboratory, General Electric Co., Evendale, O. Home: 5881 
Belleview Rd., Cincinnati 42, O. (PC, RJ) 

SCHMITZ, RICHARD S., (m) Facilities and Equipment Engr., Chrysler 
Corp., Van Dyke at 16 Mile Rd., Dept. 620, Warren, Mich. Home: 
1346 Somerset, Grosse Pointe 30, Mich. 

SCHNEIDER, ALLEN J., (s) Polytechnic Institute of Brooklyn, 99 Liv- 
ingston St., Brooklyn 1, N. Y. Home: 688 Carman Ave., West- 
bury, L. |., N. Y. (LR, RJ) 

SCHNEIDER, JESSE, (s) Academy of Aeronautics, La Guardia Airport, 
Flushing, N. Y. Home: 5224 Ave. |, Brooklyn 34, N. Y. (LR, SP) 

SCHNEIDER, LEE A., (s) Northwestern University, Evanston, Ill. 
Home: 2002 Dixwell, Davenport, la. (IG, LR) 

SCHNEIDER, MANNIE, (m) Power Plant Engr., Power Plant Staff, 
Republic Aviation Corp., Farmingdale, L. |., N. Y. Home: 163 
Connecticut Ave., Massapequa, N. Y. (LR, SP) 

SCHNEIDER, RAYMOND J., (m) Cmdr. U.S.N., Asst. Director for 
Weapons Delivery, Avionics Div. Bu Aer, Washington 25, D. C. 
Home: 615 Juniper Lane, Falls Church, Va. (IG, SP) : 

SCHNEIDER, ROBERT J., (s) University of Michigan, 


Home: 


Ann 
Mich. Home: 856 Burton St. S.E., Grand Rapids 7, Mich. (IG, SP) 


{ 


| 


SCHNEIDERMAN, HERMAN, (m) Development Chem. Engr., Aerojet- 
General Corp., Azusa, Calif. Home: 230 Valencia Mesa Dr., Ful- 
lerton, Calif. 

SCHNITT, ARTHUR, (m) Asst. Mgr., Develop., Analysis Dept., Bell 
Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 11 Linwood 
Ave., Buffalo 2, N. Y. (LR, SP) 

SCHNORR, FRED W., (m) Engrng. Assist., General Electric Co., Cin- 
cinnati, O. Home: 1408 Fields Ertel Rd., Loveland, O. 

SCHNUR, ALBERT A., (m) Guided Missiles Div., Fairchild Engiwe & 
Airplane Corp., Wyandanch, L. I., N. Y. (SR, SP) 

SCHOONEJANS, EMIL J., (m) Flight Engr., Trans World Airlines, New 
York International Airport. Home: 26 Cheryl Rd., North Massa- 
pequa, N. Y. (RJ) 

SCHORNSTEIN, ROBERT J., (s) Indiana Technical College, 221 E. 
Washington Blvd., Fort Wayne, Ind. Home: 1817 E. Washington 
Bivd., Fort Wayne, Ind. (IG, SP) 

SCHRAM, JACK C., (m) Mechanical Engr., Central Engrng., Chrysler 
Corp., P.O. Box 2628, Detroit 31, Mich. Home: 59 Kensington, 
Pleasant Ridge, Mich. 

SCHREIB, ROLLAND ROBERT, JR., (m) Rocket Sect., General Elec- 
tric Co., Malta Test Station, Ballston Spa, N. Y. Home: Green- 
field Center, N. Y. (LR, SP) 

SCHREIBER, CHARLES B., (a) Owner, Schreiber Bros., 202 Crockett 
St., Beaumont, Tex. Home: 2620 Hazel Ave., Beaumont, Tex. 
(PC, SP) 

SCHREIER, STEFAN, (s) University of Maryland, College Park, Md. 
Home: 7011 Wake Forest Dr., College Park, Md. 

SCHRIVER, BERNARD A., (f) Cmdr., Western Dev. Div. (ARDC), 
U. S. Air Force, P.O. Box 262, Inglewood, Calif. Home: 935 
Georgia Ave., Santa Monica, Calif. (LR, SP) 

SCHROEDER, CARL R., (m) Metallurgical Engr. Home: 27 Glenwood 
Dr., Short Hills, N. J. (LR, SP) 

SCHROEDER, RICHARD L., (a) Des. Engr., Missile Engrng., Div., 
McDonnell Aircraft Corp., Box 516, St. Louis 3, Mo. Home: 9448 
Baltimore, St. Louis 14, Mo. (IG, RJ) 

SCHRODER, WILLIAM R., (a) Time & Motion Engr., Industrial 
Engrng., Western Electric Co., South Kearny, N. J. Home: 318 
Fourth St., Caristadt, N. J. (SP) 

SCHUETTE, KARL, (m) Professor, Munich University. Home: Ortnit- 
strasse 15, Postbox 81, Munich 27, Germany. (SP) 

SCHUTTA, FRANCIS J., (a) Asst. to Dir. of Market Research, National 
Lead Co., 111 Broadway, New York 6, N. Y. Home: 122 E. 237th 
St., Bronx 70, N. Y. (PC, SR) 

SCHUETZ, PETER, (s) Technische Hochschule Stuttgart, Keplerstr. 10 
Stuttgart, W. Germany. Home: Loewenstr. 79a, Stuttgart-Deger- 
loch, W. G. (LR, SP) 

SCHUTZ, PETER, (s) Technische Hochschule. Home: Stuttgart-Deger- 
loch, Loewenstr, 79A, Germany. 

SCHULER, ALBERT E., (m) Section Chief, Army Ballistic Missile 
Agency, Huntsville, Ala. Home: 529 Lowell Dr., Huntsville, Ala. 
(1G) 

SCHULTZ, FREDERICK E., (m) Supvr., Component Devel., Rocket 
Engine Section, General Electric Co., Malta Test Station, Balls- 
ton Spa, N. Y. Home: RD #1, Ballston Lake, N. Y. (LR) 

SCHULTZ, LEO D., (m) Sr. Engr., Controls Dept., Reaction Motors, 
Inc., Ford Rd., Denville, N. J. Home: Andover Post Office, An- 
dover, N. J. (LR, SP) 

SCHULZ, WILLIAM C., (a) Dir. of Inteiligence, Hqrs. U. S. Air Force, 
4B945, Pentagon, Washington 25, D. C. Home: P.O. Box 7709, 
Washington 4, D. C. (IG, SP) 

SCHULZE, WILLIAM A., (m) Mechnical Engr., Redstone Arsenal, 
Huntsville, Ala. Home: 804 Hermitage St., Huntsville, Ala. (LR) 

SCHUMACHER, JOHN G., (m) Structures Engr., Convair-Astronautics, 
A Divisicn of General Dynamics Corp., San Diego, Calif. Home: 
6660 Electric Ave., La Jolla, Calif. (LR, SP) 

SCHUMANN, WILLIAM A., (m) Mgr., Atlanta District Office, Allison 
Div., General Motors Corp. Home: 5890 Hilderbrand Dr., N.E., 
Atlanta 5, Ga. (SR, SP) 

SCHUNICHT, WAYNE A., (s) University of Miami, Miami, Fla. Home: 
63 N.W. 75 Ave., Miami, Fla. (SP) 

SCHURMAN, KURT J., (m) Rocketdyne, A Division of North American 
Aviation, Inc., Cancga Park, Calif. Home: 3137 Altura Ave., La 
Crescenta, Calif. (LR) 

SCHURR, ROBERT L., (a) Branch Chief Air Force Quality Control, 
Hughes Aircraft Co., Culver City, Calif. Home: 2546 Otegon Ave., 
Long Beach 6, Calif. (PC, SR) 

SCHUYLER, FRED L., (s) Polytechnical Institute of Brooklyn, 99 Liv- 
ingston St., Brooklyn 23, N. Y. Home: 557 Ave. Z, Brooklyn 23, 

SCHWAGER, WILLIAM P., (m) Quality Control Mgr., Guided Missile 
Div., Firestone Tire & Rubber Co., 2525 Firestone Bivd., Los An- 
geles, Calif. Home: 5211 Vista Hermosa St., Long Beach 15, 
Calif. 

SCHWALENBERG, ERIC A., (m) Supt., Modification Dept., Missile 
Operations, Chrsyler Corp., P.O. 2628, Detroit 31, Mich. Home: 
12793 Payton, Detroit 24, Mich. (IG, SP) 

SCHWANINGER, JOHN E., (s) Polytechnic Institute of Brooklyn, 

Brooklyn, N. Y. Home: 183-02 64 Ave., Flushing 65, N. Y. (IG, SP) 


SCHWARTZ, CHARLES W., (m) Technical Director, Misco Precision 
Casting Company, 116 W. Gibbs St., Whitehall, Mich. Home: 
5492 S. Lake Shore Dr., Box 84, Rt. 2, Whitehall, Mich. 

SCHWARTZ, EDWARD W., (m) Design Specialist, Convair-Astronau- 
tics, A Div. of General Dynamics Corp., San Diego, Calif. Home: 
558 Tyrone St., San Diego 19, Calif. (PC, SP) 

SCHWARTZBURG, MEL, (s) Polytechnic Institute of Brooklyn, 99 Liv- 
ingston St., Brooklyn 1, N. Y. Home: 2186 Atlantic Ave., Brook- 
lyn 33, N. Y. (LR, SP) 

SCHWARZ, ERICH G. K., (m) Sr. Research Engr., Convair, A Div. of 
General Dynamics Corp., Pacific Highway, San Diego 2, Calif. 
Home: 1022 Catalina Blvd., San Diego 7, Calif. (PC, SP) 

SCHWEICKERT, THOMAS F., (a) McDonnell Aircraft Corp., Lambert- 
St. Louis Municipal Airport, St. Louis, Mo. Home: 4616 Whit- 
field La., St. Louis 21, Mo. 

SCLAFANI, GUS, (s) Academy of Aeronautics, LaGuardia Airport, N.Y. 
Home: 196-19 45th Ave., Flushing 58, N. Y. 

SCOTT, BRUCE A., (s) Metuchen High School, Metuchen, N. J. Home: 
295 Main St., Metuchen, N. J. (LR, PC) 

SCOTT, JOHN E., JR., (m) Associate Professor of Aero. Engrng., 
School of Engrng., The University of Virginia, Charlottesville, Va. 
Home: 1504 Bunker Hill Dr., Charlottesville, Va. (LR, PC) 

SCOTT, JUDSON F., (m) Supvr., Performance Analysis AGT; General 
Electric Co., Evendale, O. Home: 7221 Dearwester Dr., Cincin- 
nati 27, O. (PC, RJ) 

SCOTT, WILLIAM R., (a) Rocket Test Technician, Liquid Test Dept., 
Aerojet-General Corp., Sacramento, Calif. Home: 30 Darlington, 
Placerville, Calif. 

SCURLOCK, ARCH C., (m) President and Treasurer, Atlantic Research 
Corporation, 901 North Columbus St., Alexandria, Va. Home: 206 
King St., Alexandria, Va. (PC, SR) 

SEABERG, ERNEST C., (m) Sr. Technical Member, Airborne Systems 
Lab., Radio Corp. of America, 225 Crescent St., Waltham, Mass. 
Home: 11 Foster Dr., Framingham, Mass. (IG, SP) 

SEABROOK, MILTON R., (m) Missile Test Engr., Field Operations, 
Convair, A Division of General Dynamics Corp., Pomona, Calif. 
Home: 654 Winn Dr., Upland, Calif. 

SEALE, WAYNE A., (s) Home: 8338 La Docena Lane, Rivera, Calif. 
(PC, SP) 

SEARS, DAVID F., (s) United States Naval Academy, Annapolis, Md. 
Home: 1435 Country Club, Stockton, Calif. 

SEARS, ROBERT E., (m) Asst. Head, Launchers and Power Plants 
Systems Development Laboratories, Hughes Aircraft Company, 
Florence & Teale, Culver City, Calif. Home: 204 So. Plymouth 
Bivd., Los Angeles 4, Calif. (PC, SR) 

SEBOK, CESAR GILBERTO, (s) Home: Via Giancarlo Sismondi 4, 
Milano, Italy. (LR, SP) 

SEBOLD, R. C., (m) Vice Pres., Engrng., Convair, A Div. of General 
Dynamics Corp., San Diego, Calif. Home: 715 La Canada, La 
Jolla, Calif. (LR, SR) 

SEBRING, ROBERT E., (m) Project Engr., American Machine & Foun- 
dry Co., 1101 North Royal St., Alexandria, Va. (SR, SP) 

SEEBACH, MAURICE J., (s) Polytechnic Institute of Brooklyn, 99 
Livingston St., Brooklyn, N. Y. Home: 419 Beach 46th St., Far 
Rockaway 91, N. Y. 

SEEMANN, Richard V., (s) Instrumentation Tech., Convair, A Div. of 
General Dynamics Corp., 45326—10th St. W., Lancaster, Calif. 
Home:: 121 Rodney Ave., New Brunswick, N. J. (IG, SP) 

SEESE, ROBERT W., (m) Chief, Publications Section, Development 
Operations Division, Army Ballistic Missile Agency, Redstone 
Arsenal, Huntsville, Ala. Home: Rt. 4, Box 289, Huntsville, Ala. 
(LR, SP) 

SEFCHIK, FRANCIS J. J., (m) Res. Chemist, Res. & Devel. Labs., 
Sun Chemical Corp., East Rutherford, N. J. Home: 121 Hammond 
Ave., Passaic, N. J. 

SEGOR, JOSEPH C., (s) University of Miami, Coral Gables, Fla. 
Home: 6411 Riviera Dr., Coral Gables, Fla. (SP) 

SEGUINE, HOWARD J., (s) Engrng. Aide, Explosives Application Br., 
U. S. Naval Ordnance Test Station, China Lake, Calif. Home: 
56-B Forrestal, China Lake, Calif. (PC, SP) 

SEIFERT, HOWARD S., (m) Sr. Staff Member, Guided Missile Res. 
Div., Ramo-Wooldridge Corp., Los Angeles 45, Calif. Home: 238 
Grand Pre Bivd., N., Playa del Rey, (Venice) Calif. (SP, LR) 

SEILER, DAYTON A., (m) Commander, U. S. Navy, BuAero, 400 Doug- 
las St., El Segundo, Calif. Home: 930 Crestview Dr., Pasadena 
8, Calif. (LR, SR, SP) 

SEITZ, ROBERT N., (s) Consultant to Engrng. Specialist Group, 
Thompson Products, Inc., 22235 Euclid Ave., Euclid, 0. Home: 
2008 East 125th St., Cleveland 6, O. (IG, SP) 

SEIVENO, DONALD H., (m) University of Washington, Seattle 5, 
Wash. Home: 10625 Durland N.E., Seattle 55, Wash. 

SELLARS, JOHN R., (m) Member Technical Staff, Ramo-Wooldridge 
Corp., Los Angeles 45, Calif. Home: 128 Via Los Miradores, 
Redondo Beach, Calif. (PC, RJ) 

SELLARS, ROBERT F., (m) Captain, Commanding Officer, U. S. Naval 
Ordnance Test Unit, Patrick Air Force Base, Fla. Home: 1860 
S. Downing St., Seaside, Ore. (IG, SP) © 


SE 


SE 


SE 


SEI 


SEI 


SEI 


SED 


SER 


SER 


SER 


SER 


SES: 


SET 


SETI 


SEVE 


age 
SI 
SE 
SE 
| 
= 
g 
: 
i 
= 
SEVC 
7 
| 
SEYN 
( 
SHAA 
: SHAA 
> 
Vv 
1] ( 
a SHAC 
SHAC 
ti 
b 
SHAFI 
n 
SHAFI 
4 
D 
SHAFF 
Si 
3 
SHAFF 
Pe 
4 
SHAFF 
Be 
In 
SHALE 
x jet 
SHAME 
ba 
74 
SHANE 
be 
Br 
SHANL 
Ho 
— 


SELLERS, JOHN P., JR., (m) Sr. Engr., Rocketdyne, A Div. of North 
American Aviation, Inc., 6633 Canoga Ave., Canoga Park, Calif. 
Home: 22713 Wyandotte, Canoga Park, Calif. (LR, SP) 

SELLERS, R. C., JR., (m) Major, USA, Acting Chief, Evaluation Div. 
Hq. AFMTC, Patrick AFB, Fla. Home: 102 Dubber Rd., Mel- 
bourne, Fla. (LR, SP) 

SELLNER, ERNEST JOSEF, (m) Dipl.-Ingineer, Chief of a German 
Government Constr. Office. Home: Mittermayerstr. 11, Dachau / 
Munich, Germany. (SP) 

SELVIDGE, HARNER, (m) Staff Engr., Bendix Aviation Corp., 11600 
Sherman Way, N. Hollywood, Calif. Home: 4638 Placidia Ave., 
N. Hollywood, Calif. (IG, RJ) 

SEMENIUK, GEORGE H., (s) Indiana Technical College, 221 E. Wash- 
ington, Fort Wayne 2, Ind. Home: 518 Madison St., Fort Wayne, 
Ind. 

SEMLER, THOR T., (s) Purdue University, 1253 Gable Cts., West 
Lafayette, Ind. Home: 613 Elliott Ave., New Castle, Ind. (PC, SP) 

SENNEFF, JOHN M., (m) Rocket Div., Bell Aircraft Corp., Buffalo 6, 
N. Y. Home: 381 Claremont Ave., Kenmore 23, N. Y. (LR, SP) 


SENSENBAUGH, NORMAN D., (m) Res. Engr., Rocketdyne, A. Div. of 
North American Aviation, Inc., Canoga Park, Calif. Home: 23045 
Cohasset, Canoga Park, Calif. (LR) 

SENSENEY, GEORGE TOWNER, (m) Vice Pres-Engrng., Rahm In- 
strument, Inc., 65 Rushmore St., Westbury, Long Island, N. Y. 
Home: 124 E. 85th St., New York, N. Y. (IG) 

SENIOR, JOHN L., JR., (m) Mgr., Senior Farms, Box 27, 96 Main 
St., Ridgefield, Conn. (IG, SP) 

SERGEYEVSKY, ANDREY B., (m) Sr. Design Engr., North American 
Aviation, Inc., International Airport, Los Angeles 45, Calif. Home: 
955 Venango Ave., Los Angeles 29, Calif. (LR, SP) 

SERPER, ALLEN, (s) City College of New York, 137th St. and Con- 
vent Ave., New York, N. Y. Home: 396 E. 94th St., Brooklyn 12, 
N. Y. 

SERRA, EUGENE M., (m) Reaction Motors, Inc., Ford Rd., Denville, 
N. J. Home: 93 North 15th St., Prospect Park, N. J. 

SERVANTY, LUCIEN, (m) Chief Engr., Sud-Aviation, 2 rue de Larnac, 
Courbevoie (Seine), France. Home: 15 Rue Theodore de Banville, 
Paris (XVe). France. 

SESSA, RONALD, (s) Academy of Aeronautics, LaGuardia Airport, 
Flushing, N. Y. Home: 137 Teath St., Wood Ridge, N. J. 

SETTERLUND, GORDON, (m) Stress Analyst, Boeing Airplane Co., 
Seattle, Wash. Home: 2457 S.W. 150, Seattle, Wash. (IG, PC) 

SETTLEMIRE, LARRY, (m) Production Mgr., Production Div., Grand 
Central Rocket Co., P.O. Box 111, Redlands, Calif. Home: 26 
Sherril Lane, Redlands, Calif. (SR, SP) 

SEVERNS, KENNETH L., (a) Service Representative, Douglas Aircraft 
Co. Inc., 3000 Ocean Park Blvd., Santa Monica, Calif. Home: 
8837 Ramsgate, Los Angeles 45, Calif. (IG) 

SEVOIAN, PAUL Z., (m) Specialist, Field Test Engrng., General Elec- 
tric Co., 3198 Chestnut St., Philadelphia 4, Pa. Home: 35 Delia 
Rd., Broomall, Pa. (SP) 

SEYMOUR, R. L., (m) Instrument & Systems Div., Norden Ketay 
Corp., Wiley St., Milford, Conn. (IG, SP) 

SHAAE, PAUL E., (m) Design Draftsman, General Electric Co., Even- 
dale, O. Home: 1691 S. Ogden St., Denver, Colo. 

SHAAR, CAMILLE M., JR., (m) Chief Project Engr., Bendix Products 
Div., Missiles, Bendix Aviation Corp., 400 S. Beiger St., Misha- 
waka, Ind. Home: 3104 Springbrook Dr., South Bend, Ind. 
(IG, SP) 

SHACKELFORD, BEN W., JR., (s) ABMA, DOD, Test Lab., Redstone 
Arsenal, Huntsville, Ala. Home: 2331 40th St., Meridian, Miss. 

SHACTER, DAVID GORDON, (s) Sir George Williams College, Mon- 
treal, Quebec, Canada. Home: 619 Roslyn Ave., Montreal, Que- 
bec, Canada. (IG, SP) 

SHAFER, H. JEROME, (m) Sr. Lecturer, Dept. of A2ro. Engrng. Tech- 
nion, Israel Institute of Tech., Haifa, Israel. (IG, PC) 

SHAFER, JOHN I., (m) Staff Engr., JPL, California Inst. of Tech., 
4800 Oak Grove Dr., Pasadena 3, Calif. Home: 775 Linda Vista 
Dr., Pasadena 3, Calif. (SR, SP) 

SHAFF, PAUL H., (s) Brooklyn Polytechnic Institute, 99 Livingston 
St., Brooklyn 2, N. Y. Home: 1501 Ocean Parkway, Brooklyn 
30, N. Y. 

SHAFFER, EDWIN S., (s) Pennsylvania State University, State College, 
Penn. Home: 409 Rockland Ave., Punxsutawney, Penn. (LR, SP) 

SHAFFER, RONALD L., (s) “Jr.” Engr. A, Electronic Data Processing, 
Boeing Airplane Co., 3701 S. Oliver, Wichita, Kan. Home: 350 
Indiana, Wichita 7, Kan. (1G, SP) 

SHALER, HARRISON, (m) Brig. Gen., Corporate Army Advisor, Aero- 
jet-General Corp. Home: 91 Morton St., Palo Alto, Calif. 

SHAMBAN, WM. S., (m) Gen. Mgr., Administrative Dept., W. S. Sham- 
ban & Co., 11617 W. Jefferson Bivd., Culver City, Calif. Home: 
740 Lachman Lane, Culver City, Calif. (LR, SP) 


SHANE, AILEEN F., (m) Sr. Engr., Development Staff, Thrust Cham- 
bers, Reaction Motors, Inc., Ford Rd., Denville, N. J. Home: 80 
Brockdale Gardens, Bloomfield, N. J. (LR, RJ) 

SHANLEY, EDWARD S., (m) Arthur D. Littl2, Inc., Cambridge, Mass. 
Home: 369 Southwood Dr., Buffalo 23, N. Y. (LR, PC) 


SHANNON, FLOYD A., (m) Asst. to the President, Rotor-Craft Corp., 
1850 Victory Bivd., Glendale 1, Calif. Home: 520 No. Campbell 
Ave., Alhambra, Calif. (LR) 

SHAPCOTT, RALPH L., (m) Mgr., Flowmeter Div., Fischer & Porter 
Co., County Line, Hatboro, Pa. Home: 785 Redwood Dr., South- 
hampion, Pa. (IG, LR) 

SHAPERO, ALBERT, (m) Section Engr., Radioplane Co., 8000 Wood- 
ley Ave., Van Nuys, Calif. Home: 1480 Glenville Dr., Los Angeles, 
Calif. (IG, SP) 

SHAW, RICHARD PAUL, (s) National Science Foundation, Institute of 
Flight Structures, Columbia University, New York, N. Y. Home: 
99-02—-209 St. Queens Village 29, N. Y. (SP) : 

SHAY, MICHAEL, (m) Major USA, 330th Bomb. Squad, P.O. Box 45, 
Castle AFB, Calif. Home: 1943 S. St., Merced, Calif. 

SHATZ, BERNARD, (s) Polytechnic Institute of Brooklyn, 99 Livings- — - 
ton St., Brooklyn 1, N. Y. Home: 4408 Bedford Ave., Brooklyn — ‘ 
29, New York, N. Y. (RJ, SP) 7. 

SHATZ, ROBERT H., (m) Dept. Head, Systems Research Dept., Cor- 
nell Aeronautical Laboratory, Buffalo, N. Y. Home: 227 Benning- 
ton Rd., Buffalo, N. Y. (IG, SP) 

SHAW, JOHN D., (m) Pres., SKC Research Associates, 445—5th Ave., 
Paterson 4, N. J. Home: 310 Totowa Rd., Totowa Boro, N. J. | 
(PC, SR) ; 

SHAW, JOHN R., (m) Engr., Rocket Eng. Section, General Electric 
Co., Bidg. A, Cincinnati 15, O. Home: 1042 Jonquil Lane, Cin- 
cinnati 31, O. (LR, PC) - 

SHAW, RAYMOND R., (m) Research Engr., American Machine and 
Foundry Co., 1104 So. Wabash Ave., Chicago 5, III. Home: 18351 oi 
Marshfield Ave., Homewood, Ill. (LR, PC) —— 

SHEA, JAMES A., (a) Colonel, U. S. Air Force (Retired). Home: 1109 © 
Trinity Dr., Alexandria, Va. (IG, SP) 

SHEA, ROBERT A., (m) Mgr., Missile Engrng., Technical Products 
Div., Allen B. DuMont Laboratories. Inc., 760 Bloomfield Ave., 
Clifton, N. J. Home: 6 Perrin Dr., Paterson 2, N. J. (IG, SP) 

SHEARS, LINDSEY, (m) Government Contract Administrator, Defense 
Products Sales, M. W. Kellogg Co., Jersey City 3, N. J. Home: 
Ridge Rd., North Orange, N. J. < 

SHEDLOWSKY, JAMES P., (s) University of Michigan, Ann Arbor, —- 
Mich. Home: 4909 Clintonville Rd., Pontiac, Mich. (LR, SP) 7 

SHEEHY, EDWARD J., (m) Lt. U. S. Navy, Guided Missile Propulsion © 
Section, R & D Division, Bureau of Ordnance, Navy Dept., 
Washington 25, D. C. Home: 7102 Crestwood Dr., Alexandria, 
Va. (SR, SP) 

SHEELINE, RANDALL D., (m) Sr. Chemical Engr., Rocketdyne, A Div. 
of No. American Aviation Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 22211 Cass Ave., Woodland Hills, Calif. (SR, SP) 

SHEETS, JACK H., (m) Works Mgr., Propeller Div., Curtiss-Wright 
Corp., Caldwell, N. J. Home: 123 Hillside Ave., Verona, N. J. (LR) 

SHEF, ARTHUR L., (m) Asst. Supvr., Missiles Engrng. Dept., Douglas 
Aircraft Co., Inc., 3000 Ocean Park Blvd., Santa Monica, Calif. 
Home: 9321 Ellswick Ave., Los Angeles 45, Calif. (SR, SP) 

SHEFFEL, EDWARD B., (m) Technical Writer, Service Publications, 
Missile Operations, Chrysler Corp., 38111 Van Dyke, Sterling 
Twp., Mich. Home: 782 Elmsford Dr., Clawson, Mich. (SP) 

SHELDON, ZACHARY D., (m) Consultant, Gen. Elec. Lab., General — 
Electric Co., Schenectady, N. Y. Home: 2011 Garden Dr., Sche- 
nectady, N. Y. (PC) 

SHELLEY, EDWIN F., (m) Vice President & General Mgr., Bulova 
Research & Davelopment Laboratories, Inc., Div. of Bulova 
Watch Co., Woodside 77, N. Y. Home: 14 Wood Pl., New Ro-- 
chelle, N. Y. 

SHEMPP, WILLIAM M., (m) Design Proect Engr., Rocket Div., Bell 
Aircraft Corp., P.O. Box One, Buffalo 5, N. Y. Home: 266 Hen- | 
dricks Bivd., Eggertsville 21, N. Y. (LR, PC) 

SHEPARD, HORACE A., (m) Vice Pres., Staff Div., Thompson Prod- 
ucts, Inc., 23555 Euclid Ave., Cleveland 17, O. Home: 2731 Shel- | 
ley Rd., Shaker Heights 22, O. 

SHEPPARD, DONALD C., (m) Research Engr., Aeronautical Instru- 
mentation, Naval Research Laboratory, Vanguard Operations 
Group, Box 186, Port Canaveral, Fla. (IG) 

SHEPPARD, JOSEPH J., JR., (m) Scientist, Scientific Research Lab., 
Convair, A Div. of General Dynamics Corp., 3462 Midway Dr., 
San Diego 10, Calif. Home: 3256 Atias, San Diego 11, Calif. 
(IG, SP) 

SHERBURNE, RUSSELL K., (f) Chief Physicist, Physical Science 
Lab., New Mexico College of A & MA, Box 548, State College, 
N. M. Home: Box 946, State College, N. M. (IG, SP) 

SHERIDAN, RICHARD A., (s) University of Detroit, Detroit 21, Mich. 
Home: 1119 Main St., Avoca, Pa. 

SHERMAN, ARTHUR, (m) Chief Proposals Engr., Reaction Motors, 
Inc., Ford Rd., Denville, N. J. Home: 53 Knoll Terrace, West © 
Caldwell, N. J. (LR, SR) 

SHERMAN, HARVEY, (m) Structures Eng. Div., Missile Systems, Lock- 
heed Aircraft Corp., 7707 Woodley Ave., Van Nuys, Calif. Home: — 
15805 E. Algeciras Rd., La Mirada, Calif. (PC, SP) 

SHERMAN, NEVIN, (m) University of California Radiation Lab., Box 
803, Livermore, Calif. Home: 2517 Parker St., Berkeley, Calif. 

SHERMAN, NORMAN K., (s) Queen’s University, Kingston, Canada. 
Home: 339 King St. West, Kingston, Ontario, Canada. (IG, SP) 


3 


SHERMAN, ROBERT, (m) Captain, Ord. Corps. U. S. Army, Research 
& Development Liaison, Army Ballistic Missile Agency, Hunts- 
ville, Ala. Home: 1410 E. Oakwood Ave., Huntsville Ala. (IG SP) 

SHERRILL, EUGENE A., (m) Sr. Hydraulics Engr., Bendix Products 
Div., Bendix Aviation Corp., 400 Beiger St., Mishawaka, Ind. 
Home: 746, So. Edison, South Bend, Ind. 

SHESTA; JOHN, (m) Consultant, Reaction Motors, Inc., Denville, N. J. 
Home: Box 25 Highlands, N. J. 

SHEWCHUCK, D. D., (a) Design Engr., Wing & Tail Group, Convair, A 
Div. of General Dynamics Corp., Pacific Hwy., San Diego, Calif. 
Home: 5005 Harbor Dr., San Diego, Calif. (RJ, SP) 

SHIELDS, G. R., (a) Aviation Sales Mgr., Aerojet-General Corp., Azusa, 
Calif. Home: 610 Gloria Rd., Arcadia, Calif. (LR, PC) 

SHIFFER, HARVEY A., (m) President, H. A. Shiffer Associates, Inc., 
3101 Pasadena Ave., Los Angeles 31, Calif. Home: P.O. Box 
31072, Los Angeles 31, Calif. (SP, SR) 

SHIFFICK, WILLIAM, (a) Vice President, Operations, Foley’s Bros 
Dry Goods Co., 1110 Main St., Houston, Tex. Home: 5306 Ever- 
green St., Bellaire, Tex. (IG, SP) 

SHIFMAN, JOSEPH, (m) Research Associate, Dept. of Aeronautical 
Engrng., Princeton University, Princeton, N. J. Home: Aqueduct 
Rd., R.D. #3, Princeton, N. J. (IG) 

SHILLER, LARRY, (m) Chief Engr., Res. & Dev., Norfis-Thermador 
Corp., 5215 S. Boyle Ave., Los Angeles, Calif. Home: 10018 
Pangborn Ave., Downey, Calif. 

SHINALY, FRANCIS J., (m) Res. Advisor, Pitman-Dunn Laboratories, 
Frankford Arsenal, Philadelphia 37, Pa. Home: 4928 Duffield St., 
Philadelphia 24, Pa. (PC, SP) 

SHINEDLING, SIDNEY T., (s) Massachusetts Institute of Technology, 
77 Massachusetts Ave., Cambridge 39, Mass. Home: 420 Me- 
morial Dr., Cambridge 39, Mass. (SR, SP) 

SHINGLER, ROBERT W., (a) Supvr. Item Identication Group, Missile 
Operations, Chrysler Corp., 16 Mile & Van Dyke, Warren, Mich. 
Home: 28310 Ruehle, St. Clair Shores, Mich. 

SHIPLEY, JOHN B., (s) The Ohio State University, Box 4060, Baker 
Hall, Columbus 10, O. Home: R. D. #1, Ravenna, O. (LR, SP) 

SHIPPEN, WILLIAM B., (m) Engr., Propulsion, Applied Physics Lab., 
The Johns Hopkins University, 8621 Georgia Ave., Silver Spring, 
Md. Home: Route 1, Box 128, Brookeville, Md. (PC, RJ) 

SHOEN, BURTON P., (m) Mgr., Engrng. Design Section, Rocket Fuels 


Div., Phillips Petroleum Co., Box 548, McGregor, Tex. Home: 
4408 Erath, Waco, Tex. (SR) 
SHONERD, DAVID E., (m) President, ERA Engineering, Inc., 1009 


Montana Ave., Santa Monica, Calif. Home: Pacific Palisades, 
Calif. (SR, SP) 

SHOPPACH, CHARLES E., (m) Electronic Engr., Ord. Electro Mech. 
Lab., WSPG, Las Cruces, N. M. Home: 5405 Olson Pl., El Paso, 
Tex. (IG) 

SHORT, LESLIE B., (m) Technical Account Executive, Engrng., Cory- 
don M. Johnson Co. Inc., Bethpage, L. I., N. Y. Home: 103 
Ernest St., No. Massapequa, L. I., N. Y. (PC, SP) 

SHORT, WILLIAM P., (a) Office of V. P. Res. and Eng., IBM, 590 
Madison Ave., New York, N. Y. Home: Grey Rock Park, Mount 
Kisco, N. Y. (IG, SP) 

SHORTT, LEE A., (s) Portland State College, 1620 S.W., Park Ave., 
Portland 1, Ore. Home 738 N.E., 97th, Portland 16, Ore. (LR, SP) 

SHOVAN, RONALD W., (s) St. Olaf College, P.O. Box 1143, North- 
field, Minn. Home: Drum Inc., Orange, Mass. (IG, SP) 

SHPALL, ALAN, (s) New York University, University Hts., N. Y. Home: 
763 Eastern P’kway, Brooklyn 13, N. Y. (IG, SP) 

SHUEY, HENRY M., (m) Head, Ballistics Section, Rohm & Haas Com- 
pany, Redstone Arsenal Research Div., Huntsville, Ala. Home: 
113 Panorama Dr., Huntsville, Ala. (PC, SR) 

SHUFELT, CHARLES E., (s) Tech. Engr., Aircraft Nuclear Propulsion 
Dept., General Electric Co., P.O. Box 132, Cincinnati 15, O. 
Home: Box 130, R.R. 2, Sharonville, O. 

SHULER, (m) Tech. Staff Member, The Ramo-Wooldridge Corp., 
Arbor Vitae St., Los Angeles, Calif. Home: 1342 N. Benton Way, 
Los Angeles 26, Calif. 

SHUMAN, ROBERT M., (m) Sr. Project Test Engr., Hughes Aircraft 
Co.. P.O. Box 5555, Tucson, Ariz. Home: 5347 E. 20th St., 
Tucson, Ariz. 

SHUMAN, WILLIAM P., JR., (m) LCDR, USS Shadwell (LSD-15), 
c/o FPO, New York, N. Y. Home: 11 Orchard St., New London, 
Conn. (LR, PC) 

SHUTOCK, JOHN, (a) Purchasing Agent, Roof Deck Construction, 
Anning-Johnson Company, 1514 W. Van Buren St., Chicago 7, 
Ill. Home: 5717 S. Melvina Ave., Chicago 38, Ill. (IG, SP) 

SIBBIT, WILMER L., (a) Staff Member, Los Alamos Scientific Labora- 
tory, Los Alamos, N. M. Home: 795B 46th St., Los Alamos, N. M. 
(LR, PC) 

SIDEN, LEROY E., (m) Design Engr., Convair-Astronautics, A Div. of 
General Dynamics Corp., 3302 Pacific Hwy. Pl. 1, San Diego 3, 
Calif. Home: 3837 Goldfinch St., San Diego 3, Calif. 

SIDES, JOHN H., (f) Rear Admiral, USN, Deputy to the Special 
Assistant for Guided Missiles, Office of the Secretary of Defense, 
Washington, D. C. Home: 3011 N. Military Rd., Arlington, Va. 

SIEGEL, BERTRAM, (s) Home: 1275 Nelson Ave., Bronx 52, N. Y. 


94 


SIEGEL, HENRY 1., (a) Chem. Engr., Solid Engine, Aerojet-General 
Corp., Irwindale Ave., Azusa, Calif. Home: 16045 Queenside Dr., 
W. Covina, Calif. (PC, SR) 

SIEMERS, ERIC, (m) Project Engr., Special Projects Dept., Ingersoll 
Kalamazoo Div., Borg-Warner Corp., 1810 N. Pitcher, Kalama- 
zoo, Mich. Home: Route 4, Kalamazoo, Mich. (PC, SP) 

SIFF, WALTER C., (m) Quality Control Engr., Aerojet-General Corp., 
Azusa, Calif. Home: 250 No. Oakland, Pasadena, Calif. 

SIGLEY, DANIEL T., (m) Chief Engr., Guided Missile Div., The Fire- 
stone Tire & Rubber Company, 2525 Firestone Blvd., Los An- 
geles 54, Calif. Home: 9191 Otto St., Downey, Calif. (IG, SP) 


SIGNOR, RICHARD W., (s) University of Michigan, Ann Arbor, Mich. 
Home: 29830 Ford Rd., Garden City, Mich. 

SIKORSKY, IGOR I., (m) Engrng. Mgr., Sikorsky Aircraft Div., United 
Aircraft Corporation, South Ave., Bridgeport, Conn. 

SILVA, RICHARD W., (s) University of California, Theta Xi Fraternity, 
1730 La Loma, Berkeley, Calif. Home: 1785 Rex St., San Mateo, 
Calif. (LR, SP) 

SILVER, ALLAN J., M.D., (a) Home: 4031 Hayvenhurst Ave., Encino, 
Calif. (SP) 

SILVER, FRANCIS 5th, (m) Weight Analyst, Fairchild Engine & Air- 
plane Corp., Hagerstown, Md. Home: 501 S. Queen St., Martins- 
burg, W. Va. (SP) 

SILVERN, DAVID H., (m) Sr. Proj. Engr., Adv. Eng. Section, Gas 
Turbine Dept., Continental Aviation & Engineering Corp., 12700 
Kercheval, Detroit, Mich. Home: 16230 Indiana, Detroit 21, 
Mich. (RJ, SP) 

SILVERSTEIN, ABE, (m) Assoc. Dir., Lewis Flight Propulsion Labora- 
tory, NACA, 21000 Brookpark Rd., Cleveland 11, O. Home: 4810 
West 211th St., Cleveland, O. (LR, RJ) 

SILVEY, MAYO S., (m) Mgr.-Marketing, Defense & Industrial Products, 
Alco Products, Inc., Schenectady, N. Y. Home: 1650 Providence 
Ave., Schenectady, N. Y. (SR, SP) 

SIMAS VICTOR R., (m) Electronic Scientist, Vanguard Div., Naval 
Research Laboratory, Washington 25, D. C. Home: 310 Terrell 
Ave., Washington 21, D. C. (IG, SP) 

SIMKIN, DONALD J., (m) Sr. Thermodynamics Engr., Marquardt Air- 
craft Co., 16555 Saticoy St., Van Nuys, Calif. Home: 5005 Whit- 
sett, No. Hollywood, Calif. 

SIMMERS, RICHARD, (m) Staff Engr., Missile Systems Div., Lock- 
heed Aircraft Corp., 7701 Woodley Ave., Van Nuys, Calif. Home: 
23158 Leonora Dr., Woodland Hills, Calif. (RJ) 

SIMMONS, FREDERICK S., (m) Sr. Res. Engr., Rocketdyne, A Divi- 
sion of North American Aviation Inc., Canoga Park, Calif. Home: 
10875 White Oak Ave., Granada Hills, Calif. (IG, LR) 

SIMMONS, JAMES V., (m) Proj. Engr., Thiokol Chemical Corp., Red- 
stone Arsenal, Huntsville, Ala. Home: 508 Bonita Circle, Hunts- 
ville, Ala. (SR, SP) 

SIMMONS, STANLEY H., (a) Staff Member, Lincoln Lab., Massachu- 
setts Institute of Technology, Lexington, Mass. Home: 1370 N.W. 
43rd St., Miami, Fla. (PC, SP) 

SIMMONS, WILLIAM H., (m) Military Staff Assist. R & D Labora- 
tories, Fort Belvoir, Va. Home: Qtrs. 412A, Fort Belvoir, Va. 
(PC, SP) 

SIMONS, DAVID G., (m) Chief of Space, Biology Br., Aero. Med. 
Field Lab., Box 423, Holloman A. D. Center, N. M. Home: 702 
Lovers Lane, Alamogordo, N. M. (SP) 

SIMONS, STEVENS, (s) A/2c AF 11305977, 303 A & E Sqd., Box 263, 
Davis-Monthan AFB, Tucson, Ariz. (IG, SP) 

SIMPSON, ERNEST M., MRS., JR., (m) Engrng. Editor, Instrumenta- 
tion Planning, RCA Service Co., M.U. 927, Bidg. 739, Patrick 
AFB, Fla. Home: Box 514, Rt. 1, Eau Gallie, Fla. (IG, SP) 

SIMPSON, ROBERT N., (m) Pres. and Gen. Mgr., Waldrip Engineering 
Co., 11810 Center St., Hollydale, Calif. Home: 865 Chester Ave., 
San Marino, Calif. 

SIMS, EUGENE C., (m) Flight Test Engr., 
Division of General Dynamics Corp., San Diego, Calif. 
703 Faber Dr., Orlando, Fla. (LR, SP) 

SIMS, JOSEPH L., (m) Aero. Res. Engr., Army Ballistic Missile 
Agency, Redstone Arsenal, Huntsville, Ala. Home: 133 Crestline 
Rd., Huntsville, Ala. (LR, SP) 

SIMS, WILLIAM M., (s) Parks College, East St. Louis, Ill. 

SINCLAIR, LEE S., JR., (m) Principal Engr., Solid Dev. Engrng. Dept., 
Solid Rocket Plant, Aerojet-General Corp., Sacramento, Calif. 
Home: 425 W. Virginia Ave., Glendora, Calif. (SR) 

SINDELAR, E. C., (m) Proj. Engr., Texas Metal and Manufacturing 
Co., Inc., 9214 Weiss St., Dallas 19, Tex. (PC) 

SING, DANIEL Y., (m) Supvr., Structures & Weights, Rockets Div., 
Bell Aircraft Corp. Home: 184 Carpenter Ave., Kenmore 23, N.Y. 
(LR) 

SING, PAUL Y., (m) Rocket Design Engr., Rocket Section, Bell Air- 
craft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 3206 Stony Point 
Rd., Grand Island, N. Y. (LR) 

SINGER, J. M., (m) Physical Chemist, U. S. Bureau of Mines, 4800 
Forbes St., Pittsburgh, Pa. Home: 1083 A Shady Ave., Pitts- 
burgh, Pa. 

SINGER, JOEL 1., (m) Precision Assembler, Hughes Aircraft Co., 
Tucson, Ariz. Home: 959 Calle Lerdo, Tucson 2, Arix. (RJ, SP) 


Convair-Astronautics, A 
Home: 


si 
sit 


SIN 


SIN 


SIR 


Sis 


SLAWE 


fer 


Pa 
SLOMS' 
Div 
831 
SLOOP, 
pul 

Ww. 
SLOTTM 
ing 
Hor 


= 
= 
= 
sim 
sim 
SIVI 
SKE} 
i 
SKIN 
SKIN 
( 
“a 
| \ 
i 
SKOL 
SKON 
: 
| 
| SLADI 
(l 
SLADI 
b 
H 
SLATE 
Ss. 
S. 
| (L 
SLAUC 
(L 
SLAUG 
Be 
SLAUG 
Te 
SLAVIN 
| SLINEY 
Ar 
: 
= 
i 


SINGER, S. F. (m) Assoc. Prof. of Physics, University of Maryland, 
College Park, Md. Home: 2B Ridge Rd., Greenbelt, Md. (SR, SP) 

SINGLETON, H. E., (m) Director, Guidance & Control, Lillon Indus- 
tries, Inc., 336 N. Foothill Rd., Beverly Hills, Calif. 

SINNER, W. EUGENE, (m) Proj. Engr., Delavan Manufacturing Com- 
pany, 811 Fourth St., West Des Moines, la. Home: 1062—37th 
St., Des Moines 11, la. (LR, RJ) 

SINNETTE, JOHN T., JR., (m) Consultant Physicist & Res. Scientist, 
Propulsion Div., U. S. Naval Ordnance Test Station, 3202 E. 
Foothill Blvd., Pasadena 8, Calif. Home: 2551 Spaulding PI., 
Altadena, Calif. (RJ, SP) 

SIRAVAKIAN, GEORGE, (s) Engr. Tech., Ramjet Div., Curtiss Wright 
Corp., Wood Ridge, N. J. Home: 553 W. 187th St., New York 33, 
N. Y. (RJ, SP) 

SISCO, WINBERN O., JR., (m) Acting Chief Jupiter Section, Pro- 
grams Branch, U. S. Army Ballistic Missile Agency, Huntsville, 
Ala. Home: 617 Tunlaw Rd., Huntsville, Ala. (IG, SP) 

SITTIG, MARSHALL, (m) Pres. & Managing Dir., American Lithium 
Institute, Inc., 84 Nassau St., P.O. Box 549, Princeton, N. J. 
(PC) 

SITTON, LOUIS J., (m) Eng. Res., Rocketdyne, A Division of North 
American Aviation, Inc., Canoga Park, Calif. Home: 22244 Va- 
lerio St., Canoga Park, Calif. (LR) 

SIVIN, BERNARD J., (s) Academy of Aeronautics, La Guardia Air- 
port, Flushing 71, N. Y. Home: 116 Lenox Rd., Brooklyn 26, 
N. Y. (IG, RJ) 

SKEEN, CLIFFORD G., (m) Electronic Test Engr., B., Convair-Astro- 
nautics, A Division of General Dynamics Corp., 3302 Pacific 
Highway, San Diego, Calif. Home: 3444 Fairmount Ave., San 
Diego 5, Calif. (IG, SP) 

SKEIST, S. MERRILL, (m) Home: 64, The Serpentine, Roslyn Estates, 
Long Island, N. Y. 

SKEMBARE, HUBERT, (m) Sr. Design Engr., Power Plant, Convair, A 
Division of General Dynamics Corp., Fort Worth Div., Fort Worth, 
Tex. Home: 620 Edgefield Rd., Fort Worth, Tex. (LR, SP) 

SKINNER, HORACE M., (m) Staff Engr., Liquid Engine Div., Thrust 
Chamber Dept. Aerojet-General Corp., Azusa, Calif. Home: 1315 
West Vine Ave., West Covina, Calif. (LR, PC) 

SKINNER, LESLIE A., (m) Mgr., Missile Technical Opns., Radio 
Corporation of America, Gen. Del. Box A, White Sands Proving 
Ground, N. M. Home: 3236 Titanic Dr., El Paso, Tex. (SR) 

SKINNER, WILLIAM J., (m) Assist. Mgr., Staff Res. & Dev., New De- 
vices, Thompson Products Inc., Cleveland, O. Home: 16003 Clev- 
iden Rd., Cleveland 12, O. (PC, SR) 

SKOLEN, JULIAN D., (s) Parks College, East St. Louis, Ill. Home: 107 
Bissell Ave., Buffalo 11, N. Y. (PC, SP) 

SKONEY, LEONARD B., (a) Foreman, Avionics, Bell Aircraft Corp., 
Niagara Falls, N. Y. Home: 39 Coronet Dr., Tonawanda, N. Y. 

SKOWRON, MARTIN L., (m) Designer, Design & Manufacture Inc., 
5543 North 5th St., Philadelphia 20, Pa. Home: 1521 E. Moya- 
mensing Ave., Philadelphia 47, Pa. (SP) 

SLADE, A. C., (f) Secretary, American Rocket Society, 500 5th Ave., 
New York 36, N. Y. Home: 3 Elizabeth Court, Maywood, N. J. 
(LR, SP) 

SLADE, CHARLES R., (a) Group Leader, Publications, Missile Hand- 
books, Douglas Aircraft Co., 1500—4th St., Santa Monica, Calif. 
Home: 164 Hill St., Santa Monica, Calif. (IG, SP) 

SLATER, J. RALPH, (a) Group Leader, Missile Handbook Publications, 
Santa Monica Div., Douglas Aircraft Company, 1500—4th St., 
Santa Monica, Calif. Home: 5462 Yarmouth Ave., Encino, Calif. 
(LR, SP) 

SLAUGHTER, JOHN C., (s) Creighton University, 25th & California 
Sts., Omaha, Neb. Home: 1412 S. 48th St., Omaha 6, Neb. 
(LR, SP) 

SLAUGHTER, LOMIS, JR., (m) Vice Pres. Engrng., Anderson Green- 
wood & Co., 1400 N. Rice, Bellaire (Houston), Tex. Home: 2338 
Bolsover, Houston 5, Tex. (LR, RJ) 

SLAUGHTER, WILLIS R., (m) Vice Pres., W. L. Maxon Corp., 475 
Tenth Ave., New York 18, N. Y. Home: 3515 Henry Hudson Pky., 
New York 63, N. Y. (IG) 

SLAVIN, ROBERT M., (m) Res. Engr., Geophysics Res. Directorate, 
Air Force Cambridge Res. Center, 415 Summer St., Boston, 
Mass. Home: 15 Pierce Rd., Watertown 23, Mass. (IG) 

SLAWECKI, LEON M., (s) Home: 3421 N. 3rd St., Philadelphia 40, Pa. 

SLINEY, JAMES G., (m) Military Advisor, Office of Secretary of De- 
fense, Pentagon, Washington, D. C. Home: 4017 30th St., North 
Arlington 7, Va. 

SLIWINSKI, MITCHELL S., (m) Sr. Res. Engr., Rocketdyne, A Division 
of North American Aviation, Inc., 6633 Canoga Ave., Canoga 
Park, Calif. Home: 2073 N. Ivar, Hollywood 28, Calif. (LR, PC) 

SLOMSKI, JOSEPH F., (m) Sr. Preliminary Design Engr., Convair, A 
Division of General Dynamics Corp., Fort Worth 1, Tex. Home: 
8316 Saddle Trail, Fort Worth 16, Tex. (LR, SP) 

SLOOP, JOHN L., (f) Chief, Rocket Branch, NACA Lewis Flight Pro- 
pulsion Lab., 21000 Brookpark Rd., Cleveland 11, O. Home: 4607 
W. 210th St., Fairview Park 26, O. (LR, SP) 

SLOTTMAN, GEORGE V., (m) Vice President, Research and Engineer- 
ing, Air Reduction Co., Inc., 150 E. 42nd St., New York 17, N.Y. 
Home: One University Place, New York 3, N. Y. (LR, PC) 


95 


SMALL, ALVIN L., (a) 559th F.A. Missile Battalion (CPL), APO 185, _ 
c/o P.M., New York. Home: c/o Mrs. R. W. McLendon, Beau- 


mont, Miss. 
SMALL, BALLARD B., (m) Capt., U. S. Army, Project Office, Army 


Ballistic Missile Agency, 135 Northwest Dr., Patrick AFB, Fla. 
Home: 18 Montecito Bivd., Napa, Calif. (IG, SP) : 

SMALLBERG, MERLE, (m) Proj. Engr., Marquardt Aircraft Co., 16555 
Saticoy St., Van Nuys, Calif. Home: 6556 Randi Ave., Canoga — 
Park, Calif. (IG, LR) 

SMALLEN, HAROLD, (m) Sr. Engr., Metallurgical Section, agin 
Aircraft Inc., Broadway & Crenshaw, Hawthorne, Calif. Home: 
2030 W. Whatley St., San Pedro, Calif. (SR) 

SMEDFJELD, JOHN B., (a) Flutter and Vibration Engr., Res. Dept., 
Grumman Aircraft Engrng. Corp., Bethpage, Long Island, N. Y. 
Home: 531 53rd St., Brooklyn 20, N. Y. 


SMILEY, CHARLES J., (m) Res. Engr., Rocketdyne Div., North Ameri- 
can Aviation, Inc., 6633 Canoga Ave., Canoga Park, Calif. Home: | 
22950 Calvert St., Woodland Hills, Calif. 

SMILG, DAVID, (a) Designer, Engrng. Dept., Res. and Advanced Dev 
Div., Avco Manufacturing Corp., 750 Commonwealth Ave., Bos- 
ton, Mass. Home: 81 Greenwood St., Dorchester, Mass. (IG, SP) 


SMITH, ALDEN W., (a) Regional Sales Mgr., Philco Corp., G. & I. 
Div., 4700 Wissahickon Ave., Philadelphia 44, Pa. Home: 218 
Christopher St., Montclair, N. J. (IG, SP) 

SMITH, ALMONTIE C., (m) Process Co-ordinator-Special, Pilotiess 
Aircraft Div., Boeing Airplane Co., P.O. Box 3107, Seattle, Wash. 
Home: 2217 30th Ave. So., Seattle 44, Wash. (LR, RJ) 

SMITH, A. M. O., (m) Supvr. Aero. Res., Douglas Aircraft Co., El Se- 
gundo, Calif. Home: 2245 Ashbourne Dr., San Marino 9, Calif 
(LR, PC) 

SMITH, BERNARD, (m) U. S. NOTS, Code 17, China Lake, Calif. 
Home: 604-A Essex Circle, China Lake, Calif. (LR, SR) : 

SMITH, BONNE, (a) Free Lance Inventor. Home: 1421 Arch St., 
Philadelphia 2, Pa. (RJ, SP) 

SMITH, BOYD L., (a) Sr. Designer-Structures, Product Design Dept., 
Goodyear Aircraft Corporation, Akron, O. Home: 2854 Oakwood 
Dr., Cuyahoga Falls, O. (LR, SP) 

SMITH, CHARLES HENRY (s) Technological Institute, Northwestern 
University, Evanston, Ill. Home: 5408 Wellington Ave., Chicago 
41, Ill. (PC, SP) 

SMITH, CHARLES P., JR., (m) Electronic Scientist, Naval Research 
Laboratory, Washington, D. C. Home: 149 Danbury St., S.W., 
Washington 25, D. C. 

SMITH, CHESTER W., (m) Tech. Adviser, S.A.7. Dept., Aircraft Gas 
Turbine Div., General Electric Co., 1000 Western Ave., Lynn 3, 
Mass. Home: 2 Rogers Ave., Lynn, Mass. (RJ, SP) 

SMITH, CRAIG R., (m) Sr. Engr., Rocket Engine Group, Chrysler 
Corp., Detroit, Mich. Home: 27734 California Dr. E. Lathrup 
Village, Mich. 

SMITH, CLIFFORD E., (m) Prof. of Astronomy, Astronomy and Phys- — 
ical Science, San Diego State College, 5401 College Ave., San 
Diego 15, Calif. Home: 8518 Chevy Chase Dr., La Mesa, Calif. 
(IG, SP) 

SMITH, EMERSON W., (m) Chief Power Pl. Engr., North American 
Aviation, Inc., 4300 E. 5th Ave., Columbus, O. Home: 55 N. 
Roosevelt Ave., Columbus, O. (IG, LR) 

SMITH, EUGENE A., (m) Engr., Human Engineering & Equipment 
Design, Northrop Aircraft Inc., 1001 E. Broadway, Hawthorne, 
Calif. Home: 14728 Bodger Ave., Hawthorne, Calif. (IG, SP) 


SMITH, FRANK A., (m) Data Handling Supvr., Field Test Div., Radio- 
plane Co., HADC, Alamogordo, N. M. Home: 1515 Mt. View, 
Alamogordo, N. M. (SR, SP) 

SMITH, FRANK C., (m) Project Stress Engr., Thieblot Aircraft Co., 
Hampden Lane, Bethesda, Md. Home: 916 Green Cove, La Oak 
Cliff, Dallas, Tex. 

SMITH, FRED N., (m) Staff Assist., Service Publications, Tech. In- 
formation Section, Missile Operations, Chrysler Corp., P.O. Box 
2628, Detroit 31, Mich. Home: P.O. Box 857, Huntsville, Ala. 
(IG, SP) 

SMITH, GEORGE H., (m) Sr. Scientist, Res. Lab., Speedway, Linde 
Co., A Division of Union Carbide Corp., P.O. Box 8237, 
Indianapolis 24, Ind. Home: 918 Oakwood Trail, Indianapolis 
20, Ind. (LR, PC) 

SMITH H. RAY, JR., (m) Asst. Chief Engr. Laboratory., Chrysler Corp., 
P.O. Box 2628, Detroit, Mich. Home: 28,511 Lathrup, Lathrup 
Village, Mich. (IG, LR) 

SMITH, HENRY A., (m) Sr. Engr., Ordnance Design, Aircraft Arma- 
ments, Inc., P.O. Box 126, Cockeysville, Md. Home: 1667 Hard- 
wick Rd., Towson 4, Md. (IG, SP) 

SMITH, HILTON C., (m) Vice Pres., The Ralph M. Parsons Co., 1001 
Connecticut Ave. N.W., Washington 6, D. C. Home: 4820 Fort 
Sumner Dr., Washington 16, D. C. (IG, SP) 

SMITH, JAMES C., JR., (m) Chief Engr., Marine Missile Systems, 
Chrysler Corp., P.O. Box 2628, Detroit 31, Mich. Home: 440 
Colonial Court, Grosse Pointe Farms 36, Mich. (IG, SP) 

SMITH, JOHN J., (s) Academy of Aeronautics, LaGuardia Airport, 
New York, N. Y. Home: 34-32—44th St., Long Island City 1, 
N. Y. (IG, SP) 


a 
7 
ot 
4 


=a 


SMITH, KENNETH W., (m) Chief Engr., Young Development Lab- 
oratories, Inc., Rocky Hill, N. J. Home: 269 Harrison St., Prince- 
ton, N. J. (PC, SR) 

SMITH, KIRSEY O., (a) Aero. Engr. Aerodynamics, North American 
Aviation, Inc., E. Fifth Ave., Columbus, O. Home: 406 S. James 
Rd., Columbus 13, O. (IG, SP) 

SMITH, LE ROY E., (s) Indiana Technical College, 221 E. Washing- 
ton, Ft. Wayne, Ind. Home: 4721 Illinois Rd., Ft. Wayne, Ind. 
(IG) 

SMITH, LEVERING, (m) Captain, USN, U. S. Naval Ordnance, Wash- 
ington, D. C. Home: 1012 Madison, Arlington, Va. 

SMITH, MAURICE H., (m) Assist. to the Director, The James Forrestal 
Research Center, Princeton University, Princeton, N. J. Home: 
Brunswick Pike, Princeton R.D. 3, N. J. (LR, SR) 

SMITH, LLOYD E., (m) Sr. Proj. Engr., Guided Missile Div., Firestone 
Tire & Rubber Co., 2525 Firestone Blvd., Los Angeles, Calif. 
Home: 15042 Cerecita Dr., Whittier, Calif. (LR, SP) 

SMITH, MURRAY Q., (a) Editor, DATA Magazine, 1346 Connecticut 
Ave., N.W., Washington 6, D. C. Home: 2600 So. Wayne St., Ar- 
lington 6, Va. 

SMITH, RICHARD D., (a) Project Engr., Power Plant Laboratory, 
WADC, Dayton, O. Home: 13 Dean Place, Dayton 10, O. (RJ, SP) 

SMITH, RICHARD D., (a) Lt., USAF, Wright Air Development Center, 
Area “B”, Box 7318, Wright-Patterson AFB, O. Home: 13 Dean 
Pl., Dayton 10, O. 

SMITH, ROBERT G., (m) Home: 2370 So. Newton, Denver, Colo. 

SMITH, ROBERT J., JR., (m) Director of Engineering Sales, Texas 
Metal and Manufacturing Co., Inc., 6114 Forest Park Rd., Dal- 
las, Tex. (LR, PC) 

SMITH, ROBERT L., (s) Instructor, Army Guided Missile School, A 
Btry., 3rd GM, Bn., 2nd GM Gp (ssm), Fort Bliss, Tex. Home: 
411 Buffalo St., Mannington, W. Va. 

SMITH, ROLAND W., (s) Boston University, 231-A Chestnut Hill Ave., 
Brighton 35 Mass. (IG, SP) 

SMITH, SANFORD R., (m) Engrng. Reports & Computations Supvr., 
Dept. N. 4500, Aircraft Engine Div., Ford Motor Co., 7401 S. 
Cicero Ave., Chicago 29, Ill. Home: P.O. Box 746, Oak Lawn, Ill. 
(1G, SP) 

SMITH STANLEY O., (s) University of Michigan, Ann Arbor, Mich. 
Home: 1452 University Terrace, Ann Arbor, Mich. 

SMITH, VERL O., (m) Asst. to Gen. Mgr., Northrop Aircraft Inc., 
Hawthorne, Calif. Home: 5541 Diversey Dr., Rolling Hills, Calif. 
(IG, SP) 

SMITH, WARREN B., (m) Materials Res. & Process Dev. Engr., Test- 
ing Div., Chemical Lab., Douglas Aircraft Co., 3000 Ocean Park 
Bivd., Santa Monica, Calif. Home: 2852 Stevens St., La Cres- 
centa, Calif. (SP) 

SMITH, WAYNE M., (m) Test Engr., Components Test Lab., Rocket- 
dyne, A Division of North American Aviation Inc., 6633 Canoga 
Ave., Canoga Park, Calif. Home: 20565 Gresham, Canoga Park, 
Calif. (LR, SP) 

SMITH, WILLIAM F. C., (m) Electronic Scientist Chief, Airborne In- 
strumentation Section, White Sands Proving Ground, N. M. 
Home: Box 53, State College, N. M. (IG, SP) 

SMITH, WILLIAM M., (f) Div. Mgr., Rockets Div., Bell Aircraft Corp., 
P.O. Box 1, Buffalo 5, N. Y. Home: 100 Kenton Rd., Kenmore 
17, N. Y. (LR, SP) 

SMITH, WILLIAM M., (m) V. P. & Chief Engr., Accessory Products 
Corp., 616 W. Whittier Blvd., Whittier, Calif. (IG, RJ) 

SMITH, WILLIAM W., JR., (s) California Institute of Technology, Pasa- 
dena, Calif. Home: 1633 Amberwood S., Pasadena, Calif. 
SMITH, WILLIAM W., (m) Engr., Electronic & Field, H. A. Wagner 
Company, 14707 Keswick, Van Nuys, Calif. Home: 1218 Wycliff 

Ave., San Pedro, Calif. (1G) 

SMURIK, JOSEPH J., (a) Design, Mechanical, McConathy Hoffmann 
& Associates, Inc., Fort Lee, N. J. Home: 1417 Anderson Ave., 
Fort Lee, N. J. (LR, SP) 

SMYERS, WILLIAM H., JR., (s) Proj. Engr., Engine Components Sec- 
tion, Aero Supply Mfg. Co., Inc., Corry, Pa. Home: 260 Marion 
St., Corry, Pa. (IG, LR) 

SNELLING, KEN E., (m) Customer Relations Dir., Aircraft Div., Rheem 
Mfg. Co., 11711 Woodruff Ave., Downey, Calif. Home: 8738 Ed- 
mond Dr., Rosemead, Calif. (PC, SP) 

SNICK, JOHN A., (m) Jr. Engr., Hallicrafters Co., 4401 W. 5th Ave., 
Chicago, III. Home: 3700 N. Bosworth, Chicago, III. (IG, SP) 
SNIDER, DONALD S., (m) Sr. Engr., Des. & Dev., Chrysler Corp., 

Detroit, Mich. Home: 22415 Clair Shores, Mich. 

SNIDER, ROBERT L., (m) Engr., Flight Dynamics, The Martin Com- 
pany, Baltimore 3, Md. Home: 2608 Harwood Rd., Baltimore 14, 
Md. 

SNIEGOCKI, EUGENE S., (a) Aeronautical Machinist, Republic Avia- 
tion Corp., Farmingdale, Long Island, N. Y. Home: 137 Nosl 
Dr., Centereach, L. |., N. Y. (SP) 

SNIEGOCKI, STANLEY A., (a) Systems Testing Dept., Kollsman in- 
strument Corp., Willis Ave., Syosset, Long Island, N. Y. Home: 
21-59—41st St., Long Island 5, N. Y. 

SNODGRASS, RICHARD B., (m) Physicist, Project Vanguard, Naval 
Research Laboratory, Code 4142, Washington 25, D. C. Home: 
2104 “‘O” St., N.W., Washington 7, D. C. (LR, SP) 


’ 


SNOWDEN, EARL W., (m) Stress Analyst, Engrng. Dept., The Frye 
Corporation, 617 Texas St., Fort Worth, Tex. Home: 601 Sweet- 
brier, Arlington, Tex. (PC, SP) 

SNYDERS, PIETER W., (m) Sr. Design Engr., Nuclear Proj Office, 
Convair, A Division of General Dynamics Corp., Pacific High- 
way, San Diego 1, Calif. Home: 4401 Lowell St., La Mesa, Calif. 
(LR, SR) 

SOBEL, LOUIS, (m) Res. Engr., Rocketdyne, A Div. of North Ameri- 
can Aviation, Inc., 6633 Canoga Ave., Canoga Park, Calif. Home: 
252 S. Clark Dr., Beverly Hills, Calif. 

SOBOLEWSKI, ALEXANDER V., (s) City College of New York, N. Y. 
Home: 127 E. 7th St., New York 3, N. Y. 

SOFFER, MAURICE B., (s) Airman Second Class, Crew Chief, USAF, 
528th BomRon M Jet SAC, Plattsburgh AFB, Plattsburgh, N. Y. 
Home: 6741 Sylvester St., Philadelphia 49, Pa. (IG, RJ) 

SOGORKA, JOHN J., JR., (m) Sr. Engr., Liq. Eng Div., Aerojet-Gen- 
eral Corp., Azusa, Calif. Home: 1475 Casa Grande St., Pasa- 
dena 7, Calif. (LR, RJ) 

SOLLIDAY, HORACE S., (a) Engrng. Draftsman, Douglas Aircraft Co., 
190th & S. Normandie, Torrance, Calif. Home: 2717 Carnegie 
Lane, Redondo Beach, Calif. (LR, SP) 

SOLOMON, GEORGE E., (m) Mgr., Aerophysics Dept., Guided Mis- 
siles Res. Div., The Ramo-Wooldridge Corp., 5730 Arbor Vitae 
St., Los Angeles 45, Calif. Home: 226 Beaumont St., Playa Del 
Rey, Calif. (SP) 

SOMERS, JOHN C., (m) Consultant, Methods & Plant Facilities, 26-40 
Jackson Ave., Long Island City, N. Y. Home: 31-48 78th St., 
Jackson Heights, N. Y. (LR, SP) 

SONDERGARD, RICHARD D., (m) Engr., Quality Dept., Bendix Prod- 
ucts Division, Bendix Aviation Corp., 400 S. Beiger St., Mish- 
awaka, Ind. Home: 324 S. Taylor, Mishawaka, Ind. (IG, SP) 

SOPP, GEORGE A., (a) Res. Engr., System Analysis, Rocketdyne, A 
Division of North American Aviation, Inc., 6633 Canoga Ave., 
Canoga Park, Calif. Home: 21225 San Miguel St., Woodland 
Hills, Calif. (LR, PC) “ 

SOREM, STANLEY S., (m) Res. Supvr., Fuels & Engine Lubricants 
Dep., Shell Development Co., Emeryville 8, Calif. Home: 22 
Snowberry La., Orinda, Calif. (PC, RJ) 

SORENSON, KENNETH, (m) Sr. Engr., Power Pl., North American 
Aviation, Inc., International Airport, Los Angeles 45, Calif. Home: 
747 E. 138, Hawthorne, Calif. 

SOSNOSKI, HARRY A., (m) Vice Pres., High Energy Fuels Organiza- 
tion, Olin Mathieson Chemical Corporation, 1700 “K’’ St. N.W., 
Washington 6, D. C. Home: 2113 “S” St. N.W., Washington 8, 
D. C. (PC) 

SOTERIOU, JAMES G., (m) Sr. Design Engr., Ground Support, Rock- 
etdyne, A Division of North American Aviation, Inc., 6633 Can- 
oga Ave., Canoga Park, Calif. Home: 15037 Saticoy St., Van 
Nuys, Calif. (LR, PC) 

SOUCY, WILLIAM A., (m) Owner-Consultant, W. A. Soucy Scientific 
Res., 2032 Metcalfe St., Montreal 2, Can. (IG, SP) 

SOUTHLAND, J., ROBERT, (m) Chief Sales Engr., Customer Rela- 
tions, Air Logistics Corp., 3600 E. Foothill Bivd., Pasadena, 
Calif. Home: 1041 Encanto Dr., Arcadia, Calif. 

SOWARDS, JACK W., (m) Tech. Engr., Aircraft Nuclear Propulsion 
Dept., General Electric Co., Evendale, O. Home: 9305 McCauly 
Rd., Cincinnati 14, O. (IG, PC) 

SPAHR, DAVID P., (s) Tech. Aid, Engrng., Cooper Development Co., 
2626 So. Peck Rd., Monrovia, Calif. Home: 536 Brookside Lane, 
Sierra Madre, Calif. (IG, SR) 

SPARKS, BUFORD, (m) Mgr., Sales Dept., The Brush Beryllium Com- 
pany, 4301 Perkins Ave., Cleveland 3, O. Home: 15301 Marlene 
Ave., Cleveland 11, O. (IG, SP) 

SPARROW, CHESTER D., (m) Flight Test Group Supvr., Boeing Air- 
plane Company, 7755 East Marginal Way, Seattle 14, Wash. 
Home: 3218 So. 154th St., Seattle 88, Wash. (IG) 

SPEAKMAN, EDWIN A., (m) Vice Pres. and Gen. Mgr., Guided Mis- 
siles, Fairchild Engine & Airplane Corp., Wyandanch, L. |., N. Y. 
Home: 12 Northfield Lane, Westbury, N. Y. 

SPECHT, EDWARD J., (m) Mgr., Aircraft Propulsion Systems, West- 
ern District, General Electric Co., 3325 Wilshire Blivd., Los 
Angeles 5, Calif. Home: 3710 Newhaven Rd., Pasadena 8, Calif. 
(LR, RJ) 

SPEEDS, JOHN A., (m) Sr. Engr., Liquid Engine Div., Aerojet-General 
Corp., Azusa, Calif. Home: 1230 E. Portner, W. Covina, Calif. 
(LR, SR) 

SPENCER, GEORGE T., (m) Sales Mgr., Electro Mechanical Prod- 
ucts Co., 32700 Ford Rd., Garden City, Mich. (IG, SP) 

SPENCER, THOMAS H., (a) Tech. (Applied Metallurgy) Armour Re- 
search Foundation of Illinois Institute of Technology, 10 W. 
35th St., Chicago 16, Ill. Home: 5521 N. Wayne Ave., Chicago 
40 Ill. (SR, SP) 

SPERRY, WILLARD C., (m) Devel. Engr., Azrojet-G2neral Corp., Nim- 
bus, Calif. Home: Box 296, Elk Grove, Calif. 

SPEYER, ALFRED, (m) Dev. Engr., Aerojet-General Corp., Azusa, 
Calif. Home: 1512 Delford Ave., Duarte, Calif. (IG, LR) 

SPIEGLER, STUART D., (s) Missile Systems & Analysis, Sperry Gyro- 
scope Co., A Div. of Sperry Rand Corp., Carle St., N. Y. Home: 
80 Ave. P, Brooklyn, N. Y. (IG, SP) 


SP 


SP 


SP 


SP 


SP 


SPt 


SPI 


SPF 


SPR 


STA‘ 


STAC 


STAI 


STAI 


~ 
S| 
4 SI 
SF 
SF 
‘ite 
| 
» 
AL 
SP 
= 
= 
SPI 
& 
SPF 
SQU 
sou 
f 
Zz 
4, 
STAR 
STAR 
STAN 
STAN 
STAN 
« 


SPIELMAN, STERLING C., (m) Dir. Electronic Eng., Gov't. & Indus- 
trial Div., Philco Corp., 4700 Wissahickon Ave., Philadelphia, Pa. 
(IG, SP) 

SPIES, ROBERT, (m) Dev. Engr., Aerojet-General Corp., Azusa, Calif. 
Home: 970 Crestview Dr., Pasadena, Calif. (SR, SP) 

SPILHAUS, ATHELSTAN F., (f) Dean, Institute of Technology, Uni- 
versity of Minnesota, Minneapolis 14, Minn. Home: 40 Crocus 
Place, St. Paul 2, Minn. (SP) 

SPILLANE, LEO J., (m) Asst. Director, Research, Lion Oil Co., Div. 
Monsanto Chemical Co., El Dorado, Ark. Home: 1220 West 
Block, El Dorado, Ark. (LR, PC) 

SPINGARN, JEROME H., (m) Prof., Fairleigh Dickinson University, 
Teaneck, N. J. Home: 3212 McKinley St. N.W., Washington 15, 
DB. C. 

SPITALNY, MAX, (a) Tech. Writer, W. L. Maxson Corp., 460 W. 34th 
St., New York 1, N. Y. Home: 121 W. 72nd St., New York 23, 
N. Y. (IG) 

SPITLER, JAMES K., (s) Assoc. Analytical Engr., Aerodynamics, 
Piasecki Aircraft Helicopter Corp., Int. Airport Island Ave., Phila- 
delphia 42, Pa. Home: Sinking Spring RD 1, Pa. 

SPOEHL, EDWIN H., (a) Res. Engr., Rocketdyne, A Division of North 
American Aviation Inc., Canoga Park, Calif. Home: 18614 Ci- 
tronia, Northridge, Calif. (LR, SP) 

SPONGBERG, RICHARD M., (s) University of California, Berkeley, 
Calif. Home: 6507 Lucas St., Oakland 11, Calif. (PC, SP) 

SPONTAK, JOSEPH, (m) Electric Engr., ERA Digital Computer, West- 
inghouse Electric Corp., P.O. Box 1028, Melbourne, Fla. Home: 
1121 E. South Ave., Patrick AFB, Fla. 

SPOON, GEORGE E., (m) Servomechanisms Engr., Avionics Div., Bell 
Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 32 Idlewood 
Dr., Tonawanda, N. Y. (IG, SP) 

SPOONTS, HERBERT B., (a) Tech. Dir., Engrng. Dept., Texas Tele- 
casting, Inc., 7400 College Ave., Lubbock, Tex. Home: 4802C 
Belton Ave., Lubbock, Tex. (IG, SP) 

SPRAGUE, ROBERT D., (m) Mgr. and Tech. Consultant, Engrng. Dept., 
The Kendrick-Bellamy Company, 1641 California St., Denver 2, 
Colo. Home: 2782 So. Stuart St., Denver 19, Colo. (IG, SP) 


SPRATTLING, WILLIS, JR., (m) Sr. Engr. Test Div., Liquid Rocket 
Plant, Aerojet-General Corp., P.O. Box 1947, Sacramento, Calif. 
Home: 5305 Calistoga Way, Sacramento 21, Calif. (LR, SP) 


SPRENGER, DAVID F., (m) Chief Engr., Solid Rocket Plant, Aerojet- 
General Corporation, Box 1168, Sacramento, Calif. Home: 3128 
Bertis Dr., Sacramento 21, Calif. (SR, SP) 

SPRINGER, CLIFFORD H., (m) Mgr., Quality Control, Rocket Engine 
Section, General Electric Co., Cincinnati 15, O. Home: 17 Imbler 
Dr., Cincinnati 18, O. (LR, SP) 


SPRINGSTEAD, ELLIOT T., (s) Components Test Engr., Rockets Divi- 
sion, Bell Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 35 
Williamsburg Rd., Pittsford, N. Y. (LR, SP) 

SPRY, JAMES W., JR., (m) Staff Engr., Grand Central Rocket Co., 
P.O. Box 111, Redlands, Calif. 


SQUIRE, REGINALD K., (m) Gen. Engr. (Scientific Advisor) Explosives 
Ordnance Disposal Tech. Center, U. S. Naval Powder Factory, 
Indian Head, Md. Home: 14 Strauss Ave., Indian Head, Md. 
(IG, PC) 

SQUIERS, JOHN C., (m) Staff Engr., Continental Aviation & Engr. 
Corp., 12700 Kercheval, Detroit, Mich. Home: 1042 Anita, Grosse 
Pointe 36, Mich. (RJ) 

STACEY, JOSEPH M., (m) Lincoln Laboratory, Massachusetts Insti- 
tute of Technology, Lexington, Mass. Home: 49 Thoreau St., 
Concord, Mass. (IG,SP) 

STACH, OTTO R., (m) Mgr., Product Engrng. Refractories Div., Car- 
borundum Co., Perth Amboy, N. J. Home: 107 Lewis Lane, Fair 
Haven, N. J. (LR, SR) 

STAGERS, ENNES D., (m) Sr. Design Engr., Rocketdyne Division 
North American Aviation Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 19653 Lemay, Reseda, Calif. (LR, SP) 


STALKER, RAYMOND J., (s) University of Sydney, Dept. of Aero 
Engrng., Sydney, Australia. Home: Upper Regions Ct., Dimboola, 
Victoria, Australia. 

STAMPLEY, “O” “K”, JR., (m) Flight Test Engr., Dept. of Commerce, 
Civil Aeronautics Administration, 5651 W. Manchester Ave., Los 
Angeles 45, Calif. Home: 7506 Andasol Ave., Van Nuys, Calif. 
(1G, SP) 

STANHOUSE, REA W., (m) Engr., Missile & Ordnance Systems, Gen- 
eral Electric Co., 3198 Chestnut St., Philadelphia, Pa. Home: 52 
Sonia Lane, Broomall, Pa. 

STANKEVICS, JANIS O. A., (s) University of Minnesota, Minneapolis, 
Minn. Home: 1218 6th St., S.E., Minneapolis 14, Minn. (LR, SP) 

STANLEY, NORMAN F., (m) Res. Dir., Algin Corp. of America., P.O. 
Box 895, Rockland, Me. (SP) 

STANLY, ALBERT L., (m) Sr. Staff Engr., Convair, A Division of Gen- 
eral Dynamics Corp., Pomona, Calif. Home: 848 S. Hollenbeck 


Ave., West Covina, Calif. (IG, SR) 

STANONIS, ALPHONSO F., (m) Engr. Industrial Mgr., USN, 9ND 
Elec. Ord. Dept. Bldg. 3209, Great Lakes, III. Home: 2035 Birch 


97 


STANTON, EARL G., (m) Mgr., Photographic-Motion Picture Dept., 
Bell Aircraft Corp., Box One, Buffalo 5, N. Y. Home: 100 Fair- 
field Ave., Kenmore 23, N. Y. 

STANTON, JOHN R., (m) Sr. Contracts Engr., Special Products Avia- 
tion Div., Walter Kidde & Co., 675 Main St., Belleville, N. J. 
Home: 20 Irving Terrace, Bloomfield, N. J. 

STAPP, JOHN PAUL, (m) Colonel, USAF(MC) Directorate of Space 
Bio-Medical Sciences Hq. HADC, Holloman AFB, N. M. Home: 
P.O. Box 134, Holloman AFB, N. M. (SR, SP) 

STARK, C. NEALON, (m) Mech. Eng., Vehicle Development, Geophy- 
sics Res. Directorate, Air Force Cambridge Res. Center, 415 
Summer St., Boston, Mass. Home: Pleasant Mount, Pa. (SR, SP) 


STARK, JOHN K., (m) Develop. Engr., Test and Field Service Div., 
Aerojet-General Corp., 6352 Irwindale Ave., Azusa, Calif. Home: 
17803 Verness St., Covina, Calif. (LR) 

STARK, SIDNEY, (m) Chief Engr., The Martin Company, Orlando, 
Fla. Home: Box 777, Palomino St., White Marsh, Md. (IG, SP) 


STARLEY, STEVEN E., (s) Polytechnic Institute of Brooklyn, 99 Liv- 
ingston St., Brooklyn 1, N. Y. Home: 1701 West Third St., 
Brooklyn 23, N. Y. 

STARKWEATHER, FREDERICK T., (m) Mathematician, Flight Determ- 
ination Lab., Data Reduction Br., WSPG, N. M. Home: Billeting 
Office, Box 111, WSPG, N. M. (IG, SP) 

STARR, CLIFFORD R., (m) Engrng. Mgr., Accessory Products Corp., 
616 W. Whittier Bivd., Whittier, Calif. Home: 3402 Hamell Rd., 
Fullerton, Calif. (LR, PC) 

STARR, JAMES B., (m) Res. Lab Analyst, Propulsion Group, Douglas 
Aircraft Co., Lakewood Blvd., Long Beach, Calif. Home: 41 Ros- 
well, Apt. 8, Long Beach, Calif. (PC, RJ) 

STARRH, GERALD L., (m) Assist. Principal Engr., Test and Field 
Service Div., Aerojet-General Corp., 6352 N. Irwindale, Azusa, 
Calif. Home: 403 E. Myrtle Ave., Glendora, Calif. (LR, PC) 


STEANSON, NORMAN G., (m) Lt., Armament, USAF, 1310 Leyden, 
Apt. 202, Denver 20, Colo. Home: Troy, Kan. (LR, PC) 

STEARNS, H. MYRL, (m) Pres., Varian Associates, 611 Hansen Way, 
Palo Alto, Calif. 

STEARNS, RUSSELL C., (m) Design Engr., Thieblot Aircraft Co., 4924 
Hampden Lane, Bethesda 14, Md. Home: 5712 Wainwright Ave., 
Rockville, Md. (RJ, SR) 

STEARNS, WILLIAM GORDON J., (m) Staff Commander, Fleet Air, 
Eastern Atlantic and Mediterranean Navy, 510 F.P.O., New York, 
¥- 

STECHER, LEWIS J., JR., (m) Executive, Operations Officer, United 
States Naval USS Canberra—CAG2, c/o FPO, New York, N. Y. 
Home: c/o Capt. L. J. Stecher, 4485 Calavo Dr., La Mesa, Calif. 

STECHMAN, CHARLES W., (m) Des. Engr., Liquid Rocket Plant, Aero- 
jet-General Corp., P.O. Box 1947, Sacramento, Calif. Home: 
8928 Fashion Dr., Sacramento, Calif. (LR, SP) 

STEEL, DONALD W., (m) Dir., Nuclear Center Project, Case Institute 
of Technology, University Circle, Cleveland 6, O. Home: 2975 
Scarborough Rd., Cleveland Hgts., O. (LR, PC) 

STEELE, ALAN E., (m) Analytical Engr., Pratt & Whitney Aircraft, Div. 
of United Aircraft, East Hartford, Conn. Home: 158 Bailey Rd., 
Middletown, Conn. (LR, SP) 

STEELE, G. F., (m) Director, Computer Research, Litton Industries, 
Inc., 336 N. Foothill Rd., Beverly Hills, Calif. Home: 7852 Ivan- 
hoe Ave., La Jolla, Calif. 

STEELE, THEODORE K., (a) Staff Engr., Res., Bulova Research & De- 
velopment Laboratories, Inc., Div. of Bulova Watch Co., 62-10 
Woodside Ave., Woodside 77, N. Y. Home: 219-02—74th Ave., 
Bayside 64, N. Y. (IG, SP) 

STEFFEY, JAMES R., (s) University of Washington, Seattle, Wash. 
Home: 712 E. Olive St., Seattle, Wash. (IR, SP) 


STEG, LEO, (m) Mgr. Aerosciences Lab., General Electric Co., 3198 
Chestnut St., Philadelphia 4, Pa. Home: 4114 Fountain Green, 
Lafayette Hills, Pa. 

STEGINSKY, PAUL M., (m) Engr., Wright Aero. Div., Curtiss-Wright 
Corp., Wood Ridge, N. J. Home: 80 Reservoir Ave., River Edge, 
N. J. 

STEHLING, KURT R., (m) Head, Rocket Section, Project Vanguard, 
Naval Research Laboratory, Washington 25, D. C. Home: 1315 
Dale Dr., Silver Spring, Md. (LR, SP) 

STEIN, HERBERT S., (m) Sr. Engr., Solid Propellant Engine Dept., 
Aerojet-General Corp., Sacramento, Calif. Home: 2816 La Colina 
Way, Carmichael, Calif. (PC, SR) 

STEINBERG, FREDERICK, (m) Mathematician, Wright Aeronautical 
Div., Curtiss Wright Corp., Wood Ridge, N. J. (LR, PC) 

STEINHOFF, ERNST A., (m) Tech. Dir., Holloman Air Development 
Center, Holloman AFB, N. M. Home: P.O. Box 814, Alamogordo, 
N. M. (IG, SP) 

STEINKE, DONALD F., (m) Coordinator of Tech. Training, 
Operations, Chrysler Corp., Box 2628, Detroit 31, Mich. 

STELL, ROBERT L., (m) Major, Guided Missile Proj. Officer, Hq. 
USAF, AFDRD-TA, Washington 25, D. C. Home: 1608 E. Hearon 
St., Paris, Tex. (IG, SP) 

STEMBER, JEROME A., (s) Polytechnic Institute of Brooklyn, Brook- 
lyn, N. Y. Home: 909 East 5th St., Brooklyn 30, N. Y. (RJ, SP) 


Missile 


2 
ay 
= 
4 


STEPANOFF-DARGERY, GEORGE A., (m) Sr. Design Eng. Scientist, 
Gruen Applied Science Laboratories Inc., 60 Hempstead Ave., 
Hempstead, L. I., N. Y. Home: 76-09 34th Ave., Jackson Heights, 
New York, N. Y. (SP) 

STEPHENS, ARNOLD H., (m) Sales Mgr., Controls, Arnold H. Stephens 
Co., 4710 Crenshaw Bivd., Los Angeles 43, Calif. Home: 7401 
Westlawn Ave., Los Angeles 45, Calif. (LR, RJ) 

STEPHENS, FLOYD R., (m) Sr. Field Engr., Guided Missile Div., Fire- 
stone Tire & Rubber Company, 2525 Firestone Bivd., Los An- 
geles, Calif. Home: 4631 Driver Lane, El Paso, Tex. (IG, LR) 


STEPHENS, HENRY C., (m) Sr. Design Engr., Turbo Pumps, Rocket- 
dyne, A Division-of North American Aviation, Inc., Canoga Ave., 
Canoga Park, Calif. Home: 22521 Del Valle, Woodland Hills, 
Calif. (LR, SP) 

STEPHENSON, FRANK W., JR., (m) Rocket Eng. Engr., Rocket Eng. 
Design Group, Bell Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. 
Home: 49 West Park Rd., Grand Island, N. Y. (LR, SP) 

STEPHEY, HARRY M., (m) Government Sales Mgr., Government & 
Industrial Div., Philco Corp., 744 Jackson Pl., N.W., Washington 
6, D. C. Home: 308 Pinewood Ave., Silver Spring, Md. (IG, SP) 


STERMAN, Albert P., (m) Structures Project Engr., Rockets Div., Bell 
Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 65 North 
Park Ave., Buffalo 16, N. Y. (LR, SR) 

STERN, DAVID M., (m) Director of Purchases, Gordon Enterprises, 
5362 North Cahuenga Blivd., No. Hollywood, Calif. Home: 3134 
So. Doheny Dr., Los Angeles 48, Calif. (IG, SP) 

STERN, EDWARD S., (m) Process Engr., Manuf. Dept., Thiokol 
Chemical Corp., Elkton, Md. Home: 205 Lister Dr., Wilmington 
8, Del. (PC, SR) 

STERN, GEORGE, (m) Vice Pres., Tech. Dir., American Sinteel Corp., 
320 Yonkers Ave., Yonkers, N. Y. Home: 345 Maple Ave., Mama- 
roneck, N. Y. 

STERN, RAUL A., (s) University of California, Berkeley, Calif. Home: 
2623 B Parker, Berkeley 9, Calif. (LR, PC) 

STERN, ROBERT K., (m) Vice President, Data Reduction & Automa- 
tion Div., Fischer & Porter Co., Hatboro, Pa. Home: Box 34, 
Point Pleasant, Pa. (IG, RJ) 

STERNBERG, SIDNEY, (m) Group Mgr., Spec. Systems and Devel. 
Dept., Radio Corporation of America, Laboratories, Princeton, 
N. J. Home: 151 Snowden Lane, Princeton, N. J. (IG, SP) 

STERNER, JOHN, (m) Director, F.T.O., Guided Missile Enrgng., The 
Ramo-Wooldridge Corp., Patrick AFB, Fla. Home: 425 Palmetto 
Pl., Melbourne, Fla. 

STETSON, KENNETH F., (a) Aerodynamicist, Avco Manufacturing 
Corp., Everett, Mass. Home: 1 Landers Rd., Lynnfield, Mass. 
(LR, SP) 

STEVENS, CALVIN L., (m) Aerodynamicist, Beech Aircraft Corp., 
1224 Rose Vista Crt., St. Paul 13, Minn. 

STEVENS, DANIEL T., (m) Preliminary Design Engr., North American 
Aviation Inc., E. Fifth Ave., Columbus, O. Home: 476 Walhalla 
Dr., Columbus 2, O. (LR, SP) 

STEVENS, JOHN G., (m) Captain USAF, 40th Fighter Interceptor Sad. 
APO 328, San Francisco, Calif. Home: J Bar M Ranch, Sells 
Star Route, Tucson, Ariz. (IG, SP) 

STEVENS, JOSEPH J. F., (s) University of Michigan, Ann Arbor, Mich. 
Home: 1233 Griswold, Port Huron, Mich. (SP) 

STEVENS, LEWIS A., (m) Physicist, Electro Magnetics Branch, Avia- 
tion Ordnance Dept., U. S. Naval Ordnance Test Station, China 
Lake, Calif. Home: 405 Norma Street, Ridgecrest, Calif. (IG, SP) 

STEVENS, LLOYD R., JR., (m) Systems Engr., Aircraft Accessory 
Turbine Dept., General Electric Co., 920 Western Ave., West 
Lynn, Mass. Home: 28 Hillcrest Pkwy., Winchester, Mass. (SP) 

STEVENS, MARTIN L., (a) Chief of Preliminary Design, Kaman Air- 
craft Corp., Old Windsor Rd., Bloomfield, Conn. Home: 56 Lin- 
brook Rd., West Hartford, Conn. (PC, RJ) 

STEVENS, PHILLIP J., (m) Professional Staff, Systems Laboratories 
Corporation, Sherman Oaks, Calif. Home: 6020 W. 96th St., Los 
Angeles 45, Calif. (SP) 

STEVENS, VICTOR I., (m) Assist. Chief, High Speed Res. Div., NACA, 
Ames Aeronautical Lab., Moffett Field, Calif. Home: 10415 
Berkshire Dr., Los Altos, Calif. (RJ, SP) 

STEWART, DOUGLAS H., (m) Sr. Design Engr., Preliminary Design 
and Systems Analysis, Convair Astronautics, A Division of Gen- 
eral Dynamics Corp., San Diego, Calif. Home: 2003 Winnett St., 
San Diego 14, Calif. (SP) 

STEWART, FRANK M., JR., (m) Ordnance Design Engr., Guided Mis- 
sile Br., Chemical Warfare Laboratories, Army Chemical Center, 
Md., Home: P.O. Box 815, Edgewood, Md. (IG, SP) 

STEWART, RICHARD P., (m) Supvr., AGT Div., General Electric Co., 
Evendale, O. Home: 214 Farragut Rd., Greenhills, Cincinnati 18, 
O. (LR, SP) 

STEWART, RODNEY D., (m) Assist. to Tech. Dir., Redstone Div., 
Thiokol Chemical Corporation, Hunsville, Ala. Home: 3502 Pan- 
orama Dr. S.E., Huntsville, Ala. (SR) 

STICHT, RALPH J., (a) Sr. Electronics Engr., Convair, A Division of 
General Dynamics Corp., Box 1011, Pomona, Calif. Home: 1447 
Claremont Place, Pomona, Calif. (IG) 


98 


STICKNEY, HERBERT H., (m) Director of Administration, Grand Cen- 
tral Rocket Co., P.O. Box 111, Redlands, Calif. Home: 1716 
Country Club Dr., Redlands, Calif. 

STIER, ROBERT M., (s) Wayne State University, Detroit, Mich. Home: 
5935 N. Livernois, Rochester, Mich. 

STIFF, RAY C., JR., (m) Mgr., Engrng. and Res. Div., Liquid Rocket 
Plant, Aeroet-General Corp., P.O. Box 1947, Sacramento, Calif. 
Home: Rte 2, Box 2250, Loomis, Calif. (LR, PC) 

STILES, JERRY C., (a) Electronics Tech., Radio Corporation of 
America Service Co., Grand Bahama Island A.A.F.B. Home: Mail 
c/o Patrick AFB, Fla. 

STILL, C. HENRY, (a) City Editor, Rocky Mountain News, 400 W. 
Colfax Ave., Denver, Colo. Home: 3225 W. 53rd Ave., Denver 22, 
Colo. (LR, SP) 

STILLER, ROGER A., (m) Megr., Special Products Dept., Brush Elec- 
tronics Company, Division of Clevite Corp., 1609 Connecticut 
Ave., Washington 9, D. C. Home: 12901 Neola Rd., Wheaton, 
Md. (1G) 

STILLWELL, CHARLES E., (m) Electric Mech. Assembler, Hughes 
Aircraft Co., Tucson, Ariz. Home: 1223 N. Fourth Ave., Tucson, 
Ariz. 

STINE, GEORGE HARRY, (m) Head, Range Operations Div., Eng. & 
Inst. Dept., U. S. Naval Ordnance Missile Test Facility, White 
Sands Proving Ground, N. M. Home: 1100 Circle Dr., Las Cruces, 
N. M. (IG, SP) 

STINE, HOWARD A., (m) Aeronautical Res. Engr., 1 x 3 Ft. Super- 
sonic Wind Tunnel Branch, Ames Aeronautical Laboratory, NACA 
Moffett Field, Calif. Home: 4208 Suzanne Dr., Palo Alto, Calif. 
(IG, SP) 

STIPE, CHESTER R., (m) Sr. Dev. Engr., JPL, California Institute of 
Technology, 48CO Oak Grove Dr., Pasadena 3, Calif. Home: 5029 
Merita Place, La Canada, Calif. 

STIPKOVICH, LOUIS N., (s) Jr. Designer, Wright Aeronautical Div., 
Curtiss Wright Corp., Wood Ridge, N. J. Home: 693 Columbus 
Ave., New York 25, N. Y. (LR, SP) 

STIRMAN, MARION W., (m) Electrical Engr., Design A, Missile System 
Div., R & D Branch, Lockheed Aircraft Corp., Sunnyvale, Calif. 
Home: 1629 Warbler Way, Sunnyvale, Calif. (IG) 

STITES, JAMES R., (s) JPL, California Institute of Technology, 4800 
Oak Grove Dr., Pasadena, Calif. Home: 45154 Castle Lane, La 
Canada, Calif. (IG) 

ST. JOHN, HARRY M., (m) Mgr. of Sales, Denver Div., Sundstrand 
Machine Tool Company, 2480 W. 70th Ave., Denver, Colo. Home: 
27 Martin Lane, Englewood, Colo. (LR, RJ) 

STOCKBURGER, D. J., (m) Mgr., Nameplate Div., The Meyercord Co., 
5323 West Lake St., Chicago 44, Ill. 

STOCKING, LOWELL E., (m) Honest John Project Engr., Douglas 
Aircraft Co., 3000 Ocean Park Blvd., Santa Monica, Calif. Home: 
1331 Pearl St., Santa Monica, Calif. (SR, SP) 

STOCKWELL, RICHARD E., (a) Mgr., Product Information, Flight 
Propulsion Lab. Dept., General Electric Co., Cincinnati 15, O. 
Home: 616 Maple Dr., Cincinnati 15, O. (PC, SP) 

STODDER, DAVID J., (a) Tech. Writer, Missile Publications, Douglas 
Aircraft Co., 4th & Broadway, Santa Monica, Calif. Home: 640— 
13th St., Manhattan Beach, Calif. (IG, SP) 

STOIKO, MICHAEL, (m) Group Engr., Flight Dynamics Dept., Missile, 
Design Group, The Martin Company, Baltimore, Md. Home: 8354 
Loch Raven Bivd., Towson 4, Md. (LR, SP) 

STOKES, CHARLES S., (m) Res. Assoc., High Temperature Lab., 
Research Institute of Temple University, 4150 Henry Ave., 
Philadelphia 44, Pa. Home: 658 Park Lane, Philadelphia 44, Pa. 
(PC) 

STOKER, EDWARD F., (a) Staff Engr., Bell Telephone Company, 900 
Pennsylvania Ave., Pittsburgh, Pa. Home: 2888 Highridge Dr., 
Pittsburgh 26, Pa. 

STOLARIK, EUGENE, (m) Assoc. Prof. of Aero. Eng., Aero. Eng. Bidg., 
University of Minnesota, Minneapolis, Minn. Home: 5529 Wood- 
dale Ave., Minneapolis 24, Minn. 

STOLL, ROGER W., (a) West Coast Mgr., Electrochemicals Dept., E. I. 
Du Pont De Nemours & Co., P.O. Box 70, El Monte, Calif. Home: 
1833 Elevado Ave., Arcadia, Calif. (LR, PC) 

STOMEL, ROBERT M., (m) Gen. Mgr., Missile Publications, Inc., 5307 
West Century Blvd., Los Angeles 45, Calif. Home: 720 The 
Strand, Manhattan Beach, Calif. (IG, SP) 

STONE, IRVING, SR., (m) Sr. Engrng. Editor, Aviation Week, McGraw- 
Hill Publishing Co., 330 W. 42nd St., New York 3, N. Y. 

STONE, PATRICK G., (m) Product Mgr., Sales Engrng., E. B. Wig- 
gins Oil Tool Co., 3424 East Olympic Blvd., Los Angeles, Calif. 
Home: 20308 Haynes St., Canoga Park, Calif. (LR, PC) 

STONER, FRANK E., (m) (General-Ret.) Director of Program Planning, 
Varian Associates, 611 Hansen Way, Palo Alto, Calif. 

STONER, GEORGE H., (m) Staff Assist., Pilotless Aircraft Div., Boeing 
Airplane Co., Seattle, Wash. Home: 2441 60th Ave., S.E., Mercer 
Island, Wash. 

STONER, WILLIS A., (m) Aerodynamicist, Propulsion Res. Corp., 
1860 Franklin, Santa Monica, Calif. Home: 5679 Corso Di Napoli, 
Long Beach 3, Calif. (LR, PC) 


sTt 


4 


| 
‘ 
~ 
P 
‘ 
Sy 
. 
sT 
: 
ST 
ST 
ST 
| 
| 
= 
sTt 
> 
STU 
s 
TU 
stu 
<a 
SUC! 
SuDI 
| 
* 
SUD) 


STOOLMAN, LEO, (m) Head, Aerodynamics Dept., Systems Dev. 
Labs., Hughes Aircraft Company, Florence & Teale, Culver City, 
Calif. Home: 530 N. Sunnyslope Ave., Pasadena, Calif. (IG, RJ) 

STORLEE, MANLY L., (s) Indiana Technical College, Fort Wayne, Ind. 
Home: 5215 Riviera Dr., Fort Wayne, Ind. (IG, SP) 

STRAAYER, HARRY S., (s) Home: c/o Gen. Del., Huntsville, Ala. 

STRACK, WILLIAM C., (s) Purdue University, Lafayette, Ind. Home: 
2112 Reyburn Rd., E. Cleveland, O. (LR, SP) 

STRAIN, BAILEY T., (m) Captain, USAF, Air Force Dev. Fid. Rep., 
Redstone Arsenal, Huntsville, Ala. Home: 1120 Lewellen Ave., 
Wichita, Kan. (SP, SR) 

STRANG, WILLIAM C., (m) Staff Engr., Convair, A Division of General 
Dynamics Corp., Pomona, Calif. Home: 2257 Kellogg Park Dr., 
Pomona, Calif. (IG, SP) 

STRATTON, HAROLD S., (m) Res. Engr., Applications Engrng. Unit, 
Preliminary Analysis Group, Rocketdyne, A Division of North 
American Aviation Inc., Canoga Park, Calif. Home: 5240 Canoga 
Ave., Woodland Hills, Calif. (LR, SP) 

STRAUB, EDWARD E., (m) Res. Engr., Rocketdyne, A Division of 
North American Aviation Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 18725 Bassett, Reseda Calif. (LR, SP) 

STRAW, CLAYTON L., (m) Weight Engr., Goodyear Aircraft Corp., 
Massillon Rd., Akron, O. Home: 1846 Flint Ave., Akron 5, O. 


STREET, CHAUNCEY C., (m) Sr. Res. Engr., Propulsion Field Lab., 
Rocketdyne, A Division of North American Aviation Inc., Canoga 
Park, Calif. Home: 7454 Darby Ave., Reseda, Calif. (IG, SP) 


STREET, ROBERT S., (m) Prof., Aeronautical Engrng., University of 
Washington, Seattle 5, Wash. Home: 5747—30th Ave., N.E., 
Seattle 5, Wash. (SP) 

STREETER, JOHN W., (a) Assist. Dir., Fels Planetarium, Franklin In- 
stitute, Philadelphia 3, Pa. Home: Chester Springs, Pa. (SP) 

STREM, C. CLIFFORD, (m) Assist. Project Engr., Missiles, Douglas 
Aircraft Co., 3000 Ocean Park Blvd., Santa Monica, Calif. Home: 
10522 Putney Rd., Los Angeles 64, Calif. (LR, SP) 

STREMMEL, ROBERT E., (m) Design Engr., McDonnell Aircraft Corp., 
Box 516, St. Louis, Mo. Home: 1260 S. Florissant Rd., Florissant, 
Mo. 

STRICKLAND, J. D., (a) Assist. to the Pres., Aircraft Div., Royal Jet, 
Inc., 1035 Westminster Ave., Alhambra, Calif. Home: 1445 Millar 
Dr., Glendale 6, Calif. (PC, RJ) 

STROM, KARL A., (m) Project Unit Group Leader, Pilotless Aircraft 
Div., Boeing Airplane Co., Melbourne, Fla. Home: 1110 New 
Haven, Melbourne, Fla. (IG, SP) 

STROUHAL, GEORGE, (m) Propulsion Engr., Convair, A Division of 
General Dynamics Corp. Home: Box 324, Alvin, Tex. (SP) 

STROUKOFF, MICHAEL, (m) Pres. & Chief Engr., Stroukoff Aircraft 
Corp., West Trenton, N. J. Home: Main St., Lawrenceville, N. J. 

STROUSE, EDWARD A., (s) Stevens Institute of Technology, Hoboken, 
N. J. Home: 234 Park Pl., Irvington, N. J. 

STRUGHOLD, HUBERTUS, (m) Chief, Dept. of Space Medicine, Medi- 
cal Sciences Div., School of Aviation Medicine, United States 
Air Force, Randolph AFB, Tex. Home: 703 Main St., Schertz, Tex. 
(SP) 

STRYKER, CARLETON E., (a) West Coast Rep. Projects, Bendix 
Products, Div. of Bendix Aviation Corp., 117 E. Providencia, 
Burbank, Calif. Home: 1518 Thompson Ave., Glendale 1, Calif. 
(LR, PC) 

STUART, WENDELL F., (m) Rocket Test Foreman, Rocket Test Div., 
Aerojet-General Corp., Sacramento, Calif. Home: 4952 San Mar- 
que Circle, Carmichael, Calif. (LR) 

STUART, WILLIAM D., (s) 2d Lt., Signal Corps., 586 Broadway St., 
Long Branch, N. J. Home: 553 West Paris St., Frankfort, Ind. 
41G, SP) 

STUCKENBRUCK, LINN C., (m) Res. Specialist, Rocketdyne, A Divi- 
sion of North American Aviation Inc., 6633 Canoga Ave., Canoga 
Park, Calif. Home: 10437 DeSoto, Chatsworth, Calif. (PC, SR) 

STUDER, DONALD E., (m) Sr. Electronics Engr., Hallamore Elec- 
tronics Co., 8352 Brookhurst Ave., Anaheim, Calif. Home: 4825 
Angelus Crest, La Canada, Calif. (IG) 

STUDHALTER, WALTER R., (m) Proj. Engr., Rocketdyne, A Division of 
North American Aviation, Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 20651 Deforest St., Woodland Hills, Calif. (LR, SP) 

STUHLINGER, ERNST, (m) Res. Engr., Army Ballistic Missile Agency, 
Huntsville, Ala. Home: Rt. 4, Box 137, Huntsville, Ala. 

STULTS, MARION B., (m) Jr. Engr., Tech. Publications, Farnsworth 
Electronics Company, A Division of International Telephone & 
Telegraph Co., Fort Wayne, Ind. Home: 1001 Sussex Dr., New 
Haven, Ind. (IG, SP) 

SUCH, RONALD W., (s) Purdue University, West Lafayette, Ind. Home: 
3510 Winter St., Fort Wayne, Ind. 

SUCIU, SPIRIDON N., (m) Megr., Applied Res., Rocket Engines, FPL, 
General Electric Co., Cincinnati 15, O. Home: 7815 Eustis Ct., 
Cincinnati, O. (IG, LR) 

SUDDETH, DAVID H., (m) Physical Detection Branch, Chemical 
Corps, U. S. Army, Camp Detrick, Frederick, Md. Home: 26 
Winchester St., Frederick, Md. (IG, SP) 

SUDMEYER, PAUL T., (s) U. S. Naval Academy, Annapolis, Md. Home: 
3439 Alberta St., St. Louis 18, Mo. 


99 


SUGIMOTO, ROY, (m) Res. Supvr., Res. & Develop., Ethyl Corpora- 
tion, 1600 W. Eight Mile Rd., Detroit 20, Mich. Home: 1423 So. 
Wilson, Royal Oak, Mich. (LR, PC) 

SUITS, HOLLIS E., (a) Home: 321 N. Harrison, Kirkwood 22, Mo. 
SULLIVAN, LESLIE J., (m) Powerplant Engr., The Martin Company, 
Denver, Colo. Home: 6531 Teller St., Arvada, Colo. (LR, SP) 
SULLIVAN, PATRICK J., (a) Cmdr., USNR, General Dynamics Corp., 


445 Park Ave., New York 22, N. Y. Home: 212-26 Nashville 
Bivd., Cambria Heights 11, N. Y. 

SULLIVAN, WALTER H., (a) Engr., The Magnavox Co., Bueter Rd., 
Fort Wayne, Ind. Home: RR 6, Fort Wayne, Ind. 

SULLY, ROBERT J., (m) Daniel, Mann, Johnson & Mendenhall, 4201 
Sunset Bivd., Los Angeles, Calif. Home: 243 N. Saltair Ave., W. 
Los Angeles, Calif. 

SULOWAY, N. S. (m) 
7212 Circle Ave., 
Lombard, Ill. (1G) 

SUMERLIN, WILLIAM T., (m) Reliability Administrator, Govt. & In- 
dustrial Div., Philco Corp., 4700 Wissahickon Ave., Philadelphia 
44, Pa. Home: 924 Wootton Rd., Bryn Mawr, Pa. (IG, SP) 

SUMMERFIELD, MARTIN, (m) Professor, Princeton University, Prince- 
ton, N. J. Home: 82 College Rd., Princeton, N. J. (LR, SR) 

SUMMERS, CHARLES, (m) Staff Member, University of California 
Research Laboratory, Los Alamos, N. M. Home: 2186 47th St., 
Los Alamos, N. M. (IG, SP) 

SUMMERS, JAMES D., (m) Mid West Rep., American Rocket Society, 
400 North Michigan Ave., Chicago, Ill. Home: 1029 13th St., 
Wilmete, III. 

SUNDAHL, THEODORE A., (m) General Foreman, Test Instrumenta- 
tion Section, Rocket Engine Test Lab., E.A.F.B., FTROI, AFFTC, 
Edwards, Calif. Home: 360 W. Ave. J-8, Lancaster, Calif. (1G, LR) 

SUNDERLAND, DUANE O., (m) Major, U. S. Air Force, 46lst Bomb 
Wing, Blytheville AFB, Ark. (PC, RJ) 

SUPINA, LEO E., (m) Consultant Physicist, Res., M. H. Rhodes Co., 
Inc., 30 Bartholomew Ave., Hartford, Conn. Home: R. 3, Box 
134, Stafford Springs, Conn. (IG, SP) 

SUTHERLAND, GEORGE S., (a) Res. Engr., Power Plant Staff, Boeing 
Airpiane Co., Seattle, Wash. Home: 19645 Marine View Dr., 
Seattle 66, Wash. (PC, SR) 

SUTOR, ALOIS, (m) Sr. Res. Engr., Rocketdyne, A Division of North 
American Aviation Inc., 6633 Canoga Ave., Canoga Park, Calif. 
Home: 20500 Wells Dr., Woodland Hills, Calif. (LR, PC) 

SUTTON, GEORGE P., (m) Chief of Preliminary Design, Rock2tdyne, 
A Division of North American Aviation, Inc., 6633 Canoga Ave., 
Canoga Park, Calif. Home: 19816 Henshaw St., Woodland Hills, 
Calif. (LR, SP) 

SUTTON, ROBERT W., (m) Sales Engr., Aviation Products Div., The 
Goodyear Tire & Rubber Co., 1144 East Market St., Akron 16, O. 
Home: 906 East Exchange St., Apt. 6, Akron 6, O. (LR, SP) 

SUTTON, ROY V., (m) Tech. Staff Member, Ramo Woolridge Corp., 
2730 Arbor Vitae, Los Angeles, Calif. Home: 5722 So. Fairfax, 
Los Angeles, Calif. 

SUVADA, WILLIAM J., (m) Sr. Design Engr., Convair Astronautics, A 
Division of General Dynamics Corp., San Diego, Calif. Home: 
6650 Cartwright, San Diego 20, Calif. (PC, SP) 

SUZUKI, GEORGE M., (m) Res. Engr., Rocketdyne, A Division of 
North American Aviation Inc., Canoga Park, Calif, 6273 Tyron 
Ave., Van Nuys, Calif. (LR, SP) 

SWAN, HARRY C., (m) Lt. Col., Asst. Chief of Staff, USAF, Holloman 
Air Dev. Center, Holloman AFB, N. M. Home: 18 Travis Loop, 
Holloman, N. M. 

SWANEY, FRANK R., (m) Supt. Experimental 
Operations, Chrysler Corp., Box 2628, Detroit, 
1738 W. Catalpa Dr., Berkeley, Mich. (IG, SP) 

SWANSON, CONRAD D., (m) Physicist, Army Ballistic Missiles 
Agency, Redstone Arsenal, Huntsville, Ala. Home: 1808 Ever- 
green St., Huntsville, Ala. (SP, SR) 

SWANSON, LYLE M., (m) Res. Engr., Radar and Fire Control, North 
American Aviation, Inc., 12214 Lakewood Blvd., Downey, Calif. 
Home: 4944 N. Coke Ave., Lakewood 11, Calif. (IG, SP) 

SWANSON, ROBERT S., (m) Dept. Mgr., Aero. & Thermodynamics 
Dept., Missiles Systems Div., Lockheed Aircraft Corp., 7701 
Woodley Ave., Van Nuys, Calif. Home: 17975 Archwood St., 
Reseda, Calif. (IG, SR) 


Union Thermoelectric Co., 
Home: Finley Road, RR 1, 


Engr., 


Mechnical 
Forest Park, 


Production, Missile 
Mich. Home: 


SWARTWOUT, THOMAS R., (s) Purdue University, Lafayette, Ind. 
Home: 3416 Wenonah Ave., Berwyn, Ill. 
SWARTZ, THEODORE C., (m) General Electric Res. Lab., Electron 


Physics Dept., General Electric Co., Schenectady (P.O. Box 1088) 
N. Y. Home: P.O. Box 167, Niskayuna, N. Y. (SP) 

SWARTZEL, KARL D., (a) Chief Res. & Dev. Engr., Guided Missiles 
Div., Republic Aviation Corp., 223 Jericho Turnpike, Mineola, — 
L. 1., N. Home: 39 Barwick St., Floral Park, N. Y. (IG, SP) 


SWEENEY, GEORGE C., (a) Arthur D. Little, Inc., 30 Memorial oa J 


Cambridge, Mass. Home: 74 Mt. Vernon St., Boston 8, Mass. 
(RJ, SP) 


SWEENEY, MARVIN W., JR., (m) Member Technical Staff, re T° 


Missile Research & Devel. Div., The Ramo-Wooldridge Corp., Los 
Angeles 45, Calif. Home: 1506 Esplanade, Redondo Beach, Calif. 
(SP) 


= 


| 


SWEENEY, RICHARD L., (m) Assoc. Editor, ‘Vest Coast Bureau, Avia- 
tion Week, 1125 W. 6th St., Los Angeles 17, Calif. Home: 8135 
Aura Ave., Reseda, Calif. (SP) 

SWEENEY, WILLIAM J., (m) Vice Pres., Esso Research & Engineering 
Co., 15 W. 51st St., New York 19, N. Y. Home: 24 Greenbriar Dr., 
Summit, N. J. 

SWEETMAN, WILLIARD, JR., (m) Assist. Mgr., Customer Relations, 
Reaction Motors, Inc., Denville, N. J. Home: Box 523, Sparta, 
N. J. 

SWENSON, WILLIAM W., (m) Project Flight Test Engr., Res. Div., 
Bell Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 29 Huxley 
Dr., Buffalo 26, N. Y. (IG, SP) 

SWENSON, WILLIAM W., (m) Flight Test Engr., Project VTOL, Bell 
Aircraft Corp., Box 1, Buffalo 5, N. Y. Home: 29 Huxley Dr., 
Buffalo, N. Y. 

SWET, CHARLES J., (m) Sr. Des. Engr., Propulsion Group, Convair, 
A Division of General Dynamics Corp., San Diego, Calif. Home: 
3637 Kite St., San Diego 3, Calif. (LR, SP) 

SWINGLE, ROBERT L., (s) Ensign, USN, U. S. Naval Air Training 
Command, NAAS, Corry Field, Pensacola, Fla. Home: 236 S. 
10th St., La Crosse, Wis. 

SWISHER, ROBERT D., (m) Res. Group Leader, Inorganic Div., Mon- 
santo Chemical Co., Everett, Mass. Home: 15 Ledyard Rd., Win- 
chester, Mass. (SP) 

SWOTINSKY, JACOB H., (m) Chemical Engr. (Supervisory) Propul- 
sion and Propellants Lab., Picatinny Arsenal, Dover, N. J. Home: 
19 Locust Dr., Morris Plains, N. J. (PC, SR) 

SZANISZLO, ANDREW J., (s) Propulsion Test Tech. !, Combustion 
Dynamics, NACA, Lewis Flight Propulsion Laboratory, 21000 
Brookpark Rd., Cleveland 11, O. Home: 4175.East 142nd St., 
Cleveland 28, O. 

SZECSODY, ALEX J., (a) Mechanical Engr., Wayland Laboratory, Ray- 
theon Mfg. Co., Wayland, Mass. Home: 72 Shady Lane Ave., 
Northboro, Mass. (IG, SP) 

SZEGO, GEORGE C., (m) Rocket Studies Specialist, F.P.L.D., A.M.O., 
General Electric Co., Cincinnati 15, O. Home: Fallis Rd., Love- 
land, O. (LR, PC) 

SZEKELY, THOMAS, (m) Engr. (Nuclear), Aircraft Nuclear Propulsion 
Dept., General Electric Co., Cincinati 15, O. Home: 2217 Victory 
Parkway, Cincinnati 6, O. (RJ, SP) 

SZLAGA, EMIL V., (m) Project Engr., Power Plant Design, Missile 
Operations, Chrysler Corp., P.O. Box 2628, Detroit 31, Mich. 
Home: 8111 Superior, Center Line, Mich. (SR, SP) 


T 


TABANERA, TEOFILO, M., (a) Engr., Asociacion Argentina Interplane- 
traia, Tucuman 950, Buenos Aires, Argentina. (RJ, SP) 

TAFT, WILLIAM H., (m) Chief, Tech. Publications, Aerojet-General 
Corp., P.O. Box 296, Azusa, Calif. Home: 1572 E. Mountain St., 
Pasadena, Calif. 

TAGGART, ROBERT, (m) Director, Experimental Test Div., Reed Re- 
Research, Inc., 1048 Potomac St., Washington 7, D. C. Home: 
525 Woodland Dr., Fairfax, Va. (IG, SP) 

TAIGMAN, LEONARD G., (m) Assist. Contracts Mgr., The Martin Co., 
P.O. Box 179, Denver 1, Colo. (SP) 

TAIT, CHARLIE W., (m) Supvr., Dept. of Contract Res., Wyandotte 
Chemicals Corp., Biddle Ave., Wyandotte, Mich. Home: 1749 
Trenton Dr., Trenton, Mich. (LR, PC) 

TAIT, ROBERT, (m) Engr., Aircraft Gas Turbine Division, General 
Electric Co., Evendale, O. Home: 2368 Victory Pkwy., Cincinnati 
6, O. 

TALAMINI, ARTHUR JR., (m) Chief Engr., Technical Products Div., 
A. B. DuMont Laboratories, 760 Bloomfield Ave., Clinton, N. J. 
Home: Shire Ave., Little Falis, N. J. (IG, SP) 


_ TALBOTT, DOUGLAS C., (m) Field Engr., Collins Radio Co., 38 Goff, 


Melbourne, Fila. (IG, SP) 


‘TALBERT, JOHN WILKIE, JR., (m) Sr. Field Engr., Field Test Opera- 


tions & Training, JPL, California Institute of Technology, 4800 
Oak Grove Dr., Pasadena 3, Calif. P.O. Box 147, Port Canaveral, 
Fla. (LR, SP) 


“1 TALL, WAYNE A., (s) Purdue University, Unit 535 Harrison Cts., West 


Lafayette, Ind. Home: 6850 Black Oaks Rd., Gary, Ind. 


@ TALLEY, GLENN W., (m) Chief Facilities Engrng. Div., Dir. Ballistic 


Missile Test, Holloman Air Development Center, Alamogordo, 
N. M. Home: 2300 Aspen Dr., Alamogordo, N. M. (LR, SR) 


a TALLMAN, HAROLD L., JR., (m) Group Leader, Advanced Dev. Div., 


Avco Mfg. Co., P.O. Box 4266, Albuquerque, N. M. Home: 1832 
Lester Dr., N.E., Albuquerque, N. M. (IG, SP) 


' ate TAMI, JOHN I., (m) Mechanical Designer, Design & Dev., JPL, Cali- 


fornia Institute of Technology, 4800 Oak Grove Dr., Pasadena 
3, Calif. Home: 2267 Glenrose Ave., Altadena, Calif. (IG, SP) 


TANCZOS, FRANK (m) Asst. for Propellants and Propulsion, Bur- 


eau of Ordnance, Navy Dept., 18th and Constitution Aves., 
Washington 25, D. C. Home: 1500 Massachusetts Ave. N.W., 
Washington 5, D. C. 


 ‘TANGORA, ED, (s) Hawthorne High School, Hawthorne, N. J. Home: 


45 Hillside Dr., North Haledon, N. J. 


TANNENBAUM, STANLEY, (m) Sr. Project Chemist, Reaction Motors, 
Inc., Ford Road, Denville, N. J. Home: 36 Center Ave., Morris- 
town, N. J. (PC, LR) 

TANNOUS, PHILIP, JR., (a) Quality Test Planning Engr., Hughes Air- 
craft Co., Box 5555, Tucson, Ariz. Home: 1721 E. Water, Tucson, 
Ariz. 

TARNOW, HERMAN E., (s) Bendix Missile Div., Bendix Aviation Corp., 
Mishawaka, Ind. Home: N. Ironwood 1228, South Bend, Ind. 
(RJ, SP) 

TATTERSALL, RONALD K., (s) 12, Weddell House, Ernest St., Lon- 
don, England. (IG, SP) 

TAUBER, MICHAEL E., (s) University of Washington, Seattle, Wash. 
Home: 510 1lith Ave. N., Seattle 2, Wash. (SP) 

TAULBEE, PRESTON L., (m) Staff Scientist, Missiles Systems Div., 

Lockheed Aircraft Corp., 1122 Jagels Rd., Sunnyvale, Calif. 

Home: 980 Matadero Ave., Palo Alto, Calif. (IG, SP) 


TAYLOR, CLIFFORD L., (m) Test Engr., Aerojet-General Corporation, 
Irwindale, Azusa, Calif. Home: 8409 Madison Ave., Whittier, 
Calif. (LR) 

TAYLOR, JOHN S., (m) Mgr., Defense Products Sales, The M. W. 
Kellogg Co., P.O. Box 469, Jersey City 3, N. J. Home: 65 Manor 
Dr., Newark, N. J. 

TAYLOR, LESLIE G., (m) Gen. Mgr., Aviation Divs., Kelsey-Hayes Co., 
3600 Military Ave., Detroit 32, Mich. (SR) 

TAYLOR, S. E., (m) Chief Engr., Associated Missile Products Corp., 
2709 N. Garey Ave., Pomona, Calif. Home: 3054 Encinal Ave., 
La Crescenta, Calif. (LR, PC) 

TAYLOR, T. R., (m) Administrative Engr., XKDB-1 Flight Test Project 
Beech Aircraft Corp., Wichita, Kan. Home: 2227 S. Oliver, 
Wichita, Kan. 

TAYLOR, WILLIAM P., (m) Project Engr., Accessory Products Corp. 
616 Whittier Bivd., Whittier, Calif. Home: 648 N. Osborn, West 
Covina, Calif. (IR, RJ) 

TEAGUE, BEAL, M., (m) Principal Engr., Ground Support Section, 
The Martin Company, P.O. Box 179, Denver 1, Colo. Home: 
12405 W. 20th Ave., Denver 15, Colo. (SP) 

TEAGUE, BILLIE D., (a) Industrial Relations Analyst, Convair, A Di- 
vision of General Dynamics Corp., Fort Worth, Tex. Home: 5832 
Tracyne Dr., Fort Worth, Tex. (SP) 

TEAGUE, WALTER DORWIN, JR., (m) Partner, Walter Dorwin Teague 
Associates, 415 Madison Ave., New York 17, N. Y. Home: Glen 
Goin Rd., Alpine, N. J. (LR) 

TEBO, WILLIAM J., (m) Propulsion Engr., Grumann Aircraft Engineer- 
ing Corp., Bethpage, N. Y. Home: 50 Hill Rd., Farmingdale, N.Y. 
(RJ, SP) 

TEGTMEYER, RAY C., (m) Propulsion Res. Engr., The Martin Com- 
pany, Denver 1, Colo. Home: 6099 Fairfield Dr., Littleton, Colo. 
(LR, PC) 

TEICHMANN, CAROLINE SWIFT, (m) Home: 630 La Mesa Dr., Menlo 
Park, Calif. 

TEMPLETON, THOMAS H., (m) Coordinator of Services and Security, 
Stanford Research Institute, Menlo Park, Calif. Home: 1621 
Amberwood Dr., South Pasadena, Calif. 

TEMPLIN, ROBERT A., (a) Proj. Analyst, Res. & Dev., Rheem Mfg. 
Co., 9236 E. Hall Rd., Downey, Calif. Home: 8945 E. Guess St., 
Rosemond, Calif. (LR, RJ) 

TENENBAUM, DAN M., (m) Mgr., Test Div., Liquid Rocket Plant, 
Aerojet-General Corp., P.O. Box 1947, Sacramento, Calif. Home: 
4405 Surita St., Sacramento 21, Calif. (LR, SP) 

TEN EYCK, JOHN C., (m) Washington Rep., Carborundum Co., & 
Landers, Frury & Clark, 8816 Georgia Ave., Washington, D. C. 
Home: 1624 Eye St. N.W., Washington 6, D. C. (IG, SR) 

TEPER, RICHARD I., (m) Field Engr., Propulsion, The Martin Com- 
pany, Baltimore 3, Md. Home: 300 E. New Hampshire, Orlando, 
Fla. (LR) 

TEPPER, HOWARD F., (m) Avionics, Computer Dept., General Pre- 
cision Laboratory, Inc., 63 Bedford Rd., Pleasantville, N. Y. 
Home: 3357 Perry Ave., Bronx 67, N. Y. (IG, SP) 

TERBECK, ROBERT C., (m) Section Chief, Field Operations, California 
Institute of Technology, 4800 Oak Grove Dr., Pasadena, Calif. 
Home: 2015 New York Dr., Altadena, Calif. 

TERESHKOW, HENRY, (m) Chief Project Engr., Research & Advanced 
Development Div. of Avco Co., 20 South Union St., Lawrence, 
Mass. Home: 6 Hunting Lane, Lynnfield, Mass. (SP) 

TERLIZZ!I, PAUL M., (m) Washington Rep., Stauffer Chemical Co., 
1500 Massachusetts Ave. N.W., Washington, D. C. Home: 3301 
Shepherd St., Chevy Chase, Md. (PC) 

TERRY, DAVID, (a) Instructor, Academy of Aeronautics, LaGuardia 
Airport, N. Y. Home: 357 Jackson St. A-15, Hempstead, N. Y. 
(IG, SP) 

TERRY, R. C. (m) Mgr., Material & Procurement, Rocket Fuels Div., 
Phillips Petroleum Company, McGregor, Tex. Home: 605 Jack- 
son, McGregor, Tex. (SR) 

TERWILLIGER, ROY L., (m) University of Connecticut, Storrs, Conn. 
Home: 100 Main St., South Glastonbury, Conn. (LR, SP) 

TESTEN, JOSEPH C., (s) The Pennsylvania State University, State 

College, Pa. Home: 99 Main St., New Boston, Pa. (PC, SP) 
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THACKWELL, HENRY L., JR., (m) Assist. Pres. in charge of Opera- 
tions, Grand Central Rocket Co., Redlands, Calif. Home: 1509 
W. Highland Ave., Redlands, Calif. (SR, SP) 

THARP, THOMAS A., (m) Washington Rep., General Tire & Rubber 
Co., 1625 Eye St., N.W., Washington, D. C. Home: 5615 Glenwood 
Rd., Bethesda, Md. 

THATCH, DAYMON W., (s) Academy of Aeronautics, LaGuardia Air- 
port, Jackson Heights, N. Y. Home: 421 Magnolia St., Highland 
Park, N. J. (IG, SP) 

THATCHER, ALBERT G., (m) Director, Project Engrng. Div., Reaction 
Motors, Inc., Denville, N. J. Home: 39 Briarcliff Rd., Mountain 
Lakes, N. J. (LR) 

THATCHER, EUGENE V., (m) Member Tech. Staff Missiles Div., Ramo- 
Wooldridge Corp., Patrick AFB, Fla. Home: 681 So. Orlando Ave., 
Cocoa Beach, Fla. 

THEOBALD, O. J., JR., (m) Asst. Mgr., Field Sales, Olin Mathieson 
Chemical Corp., Baltimore, Md. Home: 13 Maryland Ave., Towson 
4, Md. (LR, PC) 

THIEBLOT, ARMAND J., (m) Pres., Thieblot Aircraft Co., Inc., 4924 
Hampden Lane, Washington 14, D. C. Home: 1324 Hamilton 
Bivd., Hagerstown, Md. 

THIEL, ADOLF K., (m) Asst. Program Director, Guided Missile Res. 
Div., The Ramo-Wooldridge Corp., Los Angeles, Calif. Home: 
2631 La Costa Pl., Palos Verdes, Calif. (LR, SP) 

THIRKILL, JOHN D., (m) Rocket Engr., Thiokol Chemical Corp., Elk- 
ton, Md. Home: 1018 Marrow Rd., Newark, Del. (SR) 

THOMAS, CHARLES F., (m) Corporate Director of Mil. Sales, Lock- 
heed Aircraft Corp., Burbank, Calif. Home: 1726 Allen Ave., 
Glendale, Calif. (IG, SP) 

THOMAS, DELBERT D., (m) Staff Engr., Missiles Div., Douglas Air- 
craft Corp., 3000 Ocean Park Ave., Santa Monica, Calif. Home: 
15207 Whitfield Ave., Pacific Palisades, Calif. (LR, PC) 

THOMAS, GEORGE HAROLD, (m) Proprietor, Rocket Research and 
Engineering Co., 42 Bown’s Rd., Kogarah, Sydney, Australia. 
(LR, SP) 

THOMAS, GEORGE V., (a) Test Stand Foreman, Rocket Laboratory, 
USAF, Edwards AFB, Edwards, Calif. Home: P.O. Box 375, Mo- 
jave, Calif. (LR, PC) 

THOMAS, HAROLD E., (m) Proj. Engr., Res. and Engrng. Div., Harvey 
Machine Co., Torrance, Calif. Home: 207 Ave. E, Redondo Beach, 
Calif. (PC, SR) 

THOMAS, JOHN P., (m) Res. Aide, James Forrestal Research Center, 
Princeton University, Princeton, N. J. Home: 14 Titus Ave., Law- 
renceville, N. J. (LR) 

THOMAS, JOSEPH A., (m) Pres. & Gen. Mgr., Telefilm, Inc., 6039 
Hollywood Blivd., Hollywood 28, Calif. Home: 4761 Forman Ave., 
North Hollywood, Calif. (IG, PC) 

THOMAS, NICHOLAS T., (m) Engr., Rocket Engine Section, General 
Electric Co., AGT-DD, Bidg. A., Evendale, O. Home: 215 Earn- 
shaw Ave., Cincinnati 19, O. (LR, SP) 

THOMAS, NORMAN W., (m) Ballistic Test Engr., Explosives Div., 
Olin Mathieson Chemical Corp., East Alton, Ill. Home: 116 Sulli- 
van, East Alton, Ill. (PC, SR) 

THOMAS, RICHARD W., (s) Materials Lab., Missile, Chrysler Corp., 
Detroit, Mich. Home: 47295 Jefferson, New Baltimore, Mich. 
(LR, SP) 

THOMAS, WALTER P., (a) Foreman, Missiles and Ordnance Systems 
Div., General Electric Co., 3198 Chestnut St., Philadelphia, Pa. 
Home: 3211 Tyson Ave., Philadelphia 49, Pa. (LR, SP) 

THOMAS, WILLIAM H., (m) Assist. Gen. Mgr., Air Products, Inc., 
P.O. Box 538, Allentown, Pa. Home: 3134 Diamond Ave., Allen- 
town, Pa. (LR) 

THOMAS, WILLIAM S., (m) Applications Engr., Curtiss-Wright Corp., 
Hempstead, N. Y. Home: 204 Clover Lane, Princeton, N. J. 


(PC, SP) 
THOMASON, DENNIS P., (s) Purdue University, W. Lafayette, Ind. 
Home: 1202 Edgewood Ave., Chicago Heights, Ill. (LR, SP) 


THOMPSON, ALLEN W., (m) Major USAF, Chief, Plans & Programs 
Div., DCS/O, Hq. Air Force Flight Test Center, ARDC, Box 0-4, 
Edwards AFB, Calif. Home: 7—17th St., Edwards, Calif. 

THOMPSON, DONALD, (m) Mathematician, Missile Flight Surveillance 
Office, White Sands Proving Ground, N. M. Home: 476 Borrett 
Dr., El Paso, Tex. (SP) 

THOMPSON, EDWARD S., (m) Mgr., Western District, Aviation & 
Defense Industries Sales Dept., Apparatus Sales Div., General 
Electric Co., 3325 Wilshire Bivd., Los Angeles 5, Calif. Home: 
1439 Wembley Rd., San Marino, Calif. (IG, SP) 

THOMPSON, FLOYD J., (m) Res. Engr., Rocketdyne, A Division of 
North American Aviation, Inc., Canoga Park, Calif. Home: 8514 
Garden Grove Ave., North Ridge, Calif. (IG, SP) 

THOMPSON, J. GREER, (m) Consolidated Western Steel Div., U. S. 
Steel Corp., 5700 S. Eastern Ave., P.O. Box 2015, Terminal An- 
nex, Los Angeles 54, Calif. (PC, SR) 

THOMPSON, JAMES F., (a) Mgr., Accounting & Contracts, Missile 
Test Project, RCA Service Co., Inc., P.O. 4036, Patrick AFB, Fla. 
Home: 829 Indian River Dr., Cocoa, Fla. (SP) 

THOMPSON, LEWIS B., JR., (m) Project Engr., Design Engrng. Dept., 
Cambridge Corporation, Industrial Park, Lowell, Mass. Home: 
6 Harris Circle, Apt. 8, Arlington 74, Mass. (LR, PC) 


THOMPSON, JOHN A., (m) Asst. Foreman, Production Load Line, 
Hughes Aircraft Co., Nogales Highway, Tucson, Ariz. Home: 408 
E. Fairgrounds Rd., Tucson, Ariz. (PC, SR) 

THOMPSON, MAYNARD D., (s) DePauw University, Greencastle, Ind. 
Home: 322 Tremont St., Michigan City, Ind. (SP) 

THOMPSON, ROBERT J., JR., (m) Group Leader of Propellant Chem- 
istry, Rocketdyne, A Division of North American Aviation, Inc., 
Canoga Park, Calif. Home: 17167 San Jose St., Granada Hills, 

Calif. (LR, PC) 

THOMPSON, STEADMAN, (m) Home: 1174 Broadview Ave., Columbus 
12, O. (SP) 

THOMPSON, THOMAS R., (m) Guided Res. Div. (Missiles) Ramo- 
Wooldridge Corp., 5730 Arbor Vitae St., Los Angeles 45, Calif. 
Home: 4452 W. 64th St., Inglewood 33, Calif. (LR, SP) 

THOMSON, KEN, (s) University of Houston, Cullen Bivd., Houston, 
Tex. Home: 1802 Edgehill, Pasadena, Tex. 

THOMSON, WALLACE B., (m) Consultant, New Design, Aircraft Nu- 
clear Propulsion Dept., General Electric Co., Cincinnati 15, O. 
Home: 9653 Daly Rd., Cincinnati 31, O. (LR, SP) 

THOMPSON, WILLIAM R., (m) Development Engr., Project 107A, Re- 
search Dept., Aerojet-General Corporation, Azusa, Calif. Home: 
5969 N. Rockvale Ave., Azusa, Calif. (LR, PC) 

THORNHILL, ROBERT B., (a) Instructor, Dept. of Engrng., Drawing, 
Wayne State University, Detroit, Mich. Home: 14444 Mettetal, 
Detroit 27, Mich. (RJ, SP) 

THORNTON, THOMAS R., (s) Academy of Aeronautics, LaGuardia 
Airport, Flushing, N. Y. Home: 2940 Davis, Oceanside, Long 
Island, N. Y. 

THORP. CLARK E., (m) Mgr., Dept. of Chemistry and Chemical 
Engrng., Armour Research Foundation, 10 West 35th St., Chicago 
16, Ill. Home: 442 South Dryden Place, Arlington Heights, Ill. 
(LR, SP) 

THORPE, MERLE L., (a) Instructor, Mech. Engrng., Assist. to the 
Dean, Thayer School of Engrng., Dartmouth College, Consultant 
Combustion Products Res., Hanover, N. H. Home: 3 School St., 
Hanover, N. H. (PC) 

THUE, KENNETH S., (m) Chief Aerodynamics Engr., Orenda Engines, 
Ltd., Box 4015 Terminal “A”, Toronto, Ont., Can. Home: 32 
Dartnell Ave., Toronto 4, Ont., Can. (LR) 

THURBER, KENNETH W., (m) Assist. Foreman, Convair, A Division 
of General Dynamics Corp., Patrick AFB, Fla. Home: Box 777, 
Titusville, Fla. (IG, LR) 

TICHENOR, WILLIAM B., (m) Cmdr., U. S. Navy, Member Guided 
Missile Operational Evaluation Unit, COMTRAPAC, c/o Fleet 
Sonar School, San Diego 47, Calif. Home: 2211 Penrose St., 
San Diego 10, Calif. (IG, SP) 

TIEDEMANN, HAROLD J., (m) Assist. Project Engr., Nuclear Engine 
Laboratory, Pratt & Whitney Aircraft Division, United Aircraft 
Corp., East Hartford, Conn. Home: Foote Rd., South Glaston- 
bury, Conn. (LR, SP) 

TIERNEY, JAMES A., (s) Academy of Aeronautics, LaGuardia Airport, 
New York, N. Y. Home: 229 Bay Ridge Ave., Brooklyn 20, N. Y. 
(PC, SP) 

TIETJEN, HOWARD F., (m) Res. Engr., Rocketdyne, A Division of 
North American Aviation, Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 7942 Lurline Ave., Canoga Park, Calif. (LR, SP) 

TIKANEN, WILLIAM A., (m) Instrument Engr., Genisco, Inc., 223 
Federal Ave.,.Los Angeles 64, Calif. Home: 17763 Lull St., Re- 
seda, Calif. 

TILLIAN, DONALD J., (s) New Mexico A & M College, State College, 
N. M. Home: Box 881, State College, N. M. 

TINGLE, WILLIAM W., (m) Chief Engr., Tanner Mfg. Co., Moline, Ill. 
Home: Route 2, Box 292, East Moline, Ill. (LR, SP) 

TINKHAM, ELVIN I., (m) Thermodynamics Engr., Convair, A Division 
of General Dynamics Corp., Pomona, Calif. Home: 252 N. Myr- 
tle Ave., Monrovia, Calif. (PC, SP) 

TINUS, WILLIAM C., (m) Vice Pres., Bell Telephone Laboratories, Inc., 
Whippany, N. J. Home: 42 Euclid Ave., Maplewood, N. J. 
TIPPETT, WILLIAM J., (m) Capt. Technical Staff Officer, Directorate 
of Armament Development, Canadian Army, 255 Argyle Ave., 
Ottawa 4, Ontario, Can. Home: 399 Brittany Dr., Ottawa 2, On- 

tario, Can. (SP) 

TISCHLER, ADELBERT O., (m) Aeronautical Res. Scientist, Lewis 
Flight Propulsion Laboratory, NACA, Cleveland 11, O. Home: 
5911 W. 217th St., Parkview Village, Cleveland 26, O. (LR, PC) 

TITLEY, JOHN H., (m) Mgr., Contract Adm., Aircraft Div., Rheem 
Mfg. Co., 11711 Woodruff Ave., Downey, Calif. Home: 7210 El 
Manor Ave., Los Angeles 45, Calif. (SP) 

TITUS, RICHARD H., (a) Security Analyst, Smith, Barney & Co., 14 
Wall St., New York, N. Y. Home: 627 N. Chestnut St., Westfield, 
N. J. 

TOBIAS, GEORGE S., (m) Section Head, Motor Lubricants and Wax 
Products Res. Div., Esso Research & Engineering Co., P.O. Box 
51, Linden, N. J. Home: Oakwood Rd., Watchung, Plainfield, 
N. J. (LR, RJ) 

TOBIAS, LEONARD W., (m) Design Engr., Eclipse-Pioneer Division, 
Bendix Aviation Corp., Teterboro, N. J. Home: 2 Rosewood Ct., 
Ramsey, N. J. (IG, SP) 
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TOCCO, ANTHONY R., (m) Member, Tech. Staff, Guided Missile Lab., 
Hughes Aircraft Co., Culver City, Calif. Home: 434 Manitoba 
St., Playa del Rey, Calif. 

TODD, GEORGE J., (m) Resident Mgr., Edwards Field Office, Ramo- 
Wooldridge Corp., Edwards Rocket Base, Calif. Home: 1256 W. 
Kildare, Lancaster, Calif. (IG, LR) 

TODD, JAMES P., (m) Dev. Engr., Liquid Rocket Div., Aerojet-General 
Corp., P.O. Box 1947, Sacramento, Calif. Home: 6848 Winding 
Way, Fair Oaks, Calif. (LR, RJ) 

TOEVS, FREDERICK C. J., (s) Reed College, Portland 2, Ore. Home: 
P.O. Box 134, Dallas, Ore. (SP, IG) 

TOEVS, JAMES JAY, (s) University of Kansas, Lawrence, Kan. Home: 
1226 W. 69th, Kansas City 13, Mo. 

TOFTOY, H. N., (f) Major General, Commanding General, Redstone 
Arsenal, U. S. Army, Huntsville, Ala. Home: Qtrs 3-123, Red- 
stone Arsenal, Huntsville, Ala. 

TOKAR, JOHN V., JR., (s) Purdue University, West Lafayette, Ind. 
Home: 1916 Elmwood Ave., Berwyn, Ill. (RJ, SP) 

TOMA, RICHARD, (s) Brooklyn Polytechnic Institute, 85 Livingston 
St., Brooklyn, N. Y. Home: 266 Oder Ave., Staten Island 4, N.Y. 
(IG, SP) 

TOMAINE, THOMAS A,., (s) Indiana Technical College, 225 E. Wash- 
ington Bivd., Fort Wayne, Ind. Home: 37 Vine St., Carbondale, 
Pa. (SR, SP) 

TOMAK, M. E., (a) 289 North Main, Linton, Ind. Home: 210 N.E., 
9th, Linton, Ind. (SP) 

TOMAN, WILLIAM, (m) Develop. Engr., 
craft Corp., Massillon Rd., Akron, 
Cuyahoga Falls, O. (IG, SP) 

TOMAZIC, WILLIAM A., (m) Aeronautical Res. Scientist, Rocket Br., 
Lewis Flight Prop. Lab., NACA, 21000 Brookpark, Cleveland, O. 
Home: 4607 W. 156, Cleveland 11, O. (LR, PC) 

TOMBAUGH, CLYDE W., (f) Chief Investigator, Satellite Search, 
Physical Science Lab., New Mexico College A & MA, State Col- 
lege, N. M. Home: 636 S. Alameda, Las Cruces, N. M. (SP) 

TOMBAUGH, PAUL L., (m) Sr. Res. Engr., Rocketdyne, A Division of 
North American Aviation Inc., Canoga Park, Calif. Home: 4748 
Topanga Canyon Blvd., Woodland Hills, Calif. (LR, SP) 

TOMLINSON, LLOYD E., (m) Chief Engr., Com-Air Products Inc., 1201 
Rio Vista, Los Angeles 23, Calif. Home: 5922 Penfield, Wood- 
land Hills, Calif. (IG, PC) 

TOMPKINS, RUTLEDGE B., (m) Missile Operations, Chrysler Corp., 
Box 2628, Detroit 31, Mich. 

TOMSON, ALFRED G., (m) Res. Engr., Propulsion Flight Test, Lock- 
heed Aircraft Corp., Holloman AFB, N. M. Home: 1904 Mt. View, 
Alamogordo, N. M. (PC, SP) 

_ TONEY, HAROLD E., (m) Missile Mech., Florida Field Test Unit, Boe- 
ing Airplane Co., Box 820, Melbourne, Fla. Home: Box 441, Eau 
Gallie, Fla. 

 TOPORECK, EDWARD R., (m) Director, Systems Test Staff, Ramo- 

Wooldridge Corp., 5800 Arbor Vitae St., Los Angeles -45, Calif. 

Home: 5209 Maymont, Los Angeles 43, Calif. 

-- TORDA, T. PAUL, (m) Prof., Mechanical Engrng., Polytechnic Insti- 

1 tute of Brooklyn, 99 Livingston St., Brooklyn 1, N. Y. Home: 100 
Remsen St., Brooklyn 1, N. Y. (LR, RJ) 

-TORMEY, JOHN F., (m) Chief Res., Rocketdyne, A Division of North 

American Aviation Inc., 6633 Canoga Ave., Canoga Park, Calif. 

Home: 23360 Ostronic Dr., Woodland Hills, Calif. (LR, PC) 

_TORSTRUP, FRED E., (m) Project Engr., Wright Aero. Div., Curtiss- 
Wright Corp., Wood Ridge, N. J. Home: 15 Gardner Rd., Den- 
ville, N. J. (LR, RJ) 

TOTH, ROBERT C., (m) Assoc. Editor, “Astronautics”, 
Rocket Society, 500 Fifth Ave., New York, N. Y. 

_ TOUSSAINT, RICHARD, (s) Academy of Aeronautics, LaGuardia Air- 

- port, Queens, N. Y. Home: 2119 East 22nd St., Brooklyn 29, 

N. Y. (RJ, SR) 

‘TOWNE, FRED T., Ill, (m) Executive Vice Pres., Towne Industrial 
Equipment Co., Inc., 1410 So. Akard, Dallas, Tex. Home: 4049 
Prescott, Dallas, Tex. 

TOWNSEND, GEORGE P., (m) Mgr. of Engrng., Sundstrand Machine 
Tool Co., 2480 West 70th Ave., Denver, Colo. Home: 4097 Field 
Dr., Wheat Ridge, Colo. (IG, LR) 

TOWNSEND, MICHAEL J., (s) Home: 14915 Otsego St., 
Oaks, Calif. (IG, LR) 

TOWNSEND, ROBERT S., (m) Proj. Engr., Missile & Ord. Sys. Dept., 
General Electric Co., Pittsfield, Mass. Home: 38 Nancy Ave., 
Pittsfield, Mass. 

TOWNSEND, SAMUEL J., (m) Chief of Propulsion, Engrng., Chance 
Vought Aircraft, Incorporated, P.O. Box 5907, Dallas 22, Tex. 
Home: 4417 McFarlin Bivd., Dallas, Tex. 

TOWNSEND, THOMAS H., (m) Aerodynamics Engr.-Sr., Lockheed 
Aircraft Corp., Marietta, Ga. Home: 4416 Glenwick Lane, Dallas 
5, Tex. (LR, SP) 

TRABUE, CURTIS C., (s) A/2c USAF, 7th Aviation Depot Sqdn., APO 
677, N. Y. Home: Box 535, Tuskegee Institute, Ala. (LR, SR) 
TRACY, TOM, (m) Industry Mgr., Brown Instr. Div., Minneapolis 
Honeywell Regulator, 6620 Telegraph Rd., Los Angeles 22, 
Calif. Home: 1640C Amberwood Dr., South Pasadena, Calif. 
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TRASKO, EDWARD H., (m) Structural Engr., 49 Bretton Rd., West 
Hartford, Conn. (SP, LR) 

TRAVERS, WILLIAM R., (m) Mgr. of Marketing, AGT Development 
Dept., General Electric Co., Cincinnati 15, O. Home: 7512 S. 
Mingo Dr., Madeira, O. 

TRAVIS, ROBERT D., (a) Supvr., Eng. Records Sect., Missile Opera- 
tions, Chrysler Corp., P.O. Box 2628, Detroit 31, Mich. Home: 
2120 Old Lane, Pontiac, Mich. 

TRAYLOR, JOHN E., (m) Sr. Res. Engr., Rocketdyne, A Division of 
North American Aviation, Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 6444 Glade, Canoga Park, Calif. (LR, SP) 

TREFNY, RICHARD B., (m) Director, Aero. Engrng. Dept., Park College 
of Aeronautical Technology, East St. Louis, Ill. Home: 927 Drum- 
mond Dr., Ferguson 21, Mo. (IG, SP) 

TREW, ROBERT O., (a) Des. Engr., Liquid Rocket Plant, Aerojet- 
General Corp., P.O. Box 1168, Sacramento, Calif. Home: 5932 
Mendocino Bivd., Sacramento, Calif. 

TRIBBETT, LOUIS W., (m) Lt. Colonel, Deputy Director, Directorate 
of Ballistic Missile Test, Holloman Air Force Base, N. M. Home: 
1707 Alamo Ave., Alamogordo, N. M. (LR, SR) 

TRICH, HENRY C., (m) President (General Partner), Western Gravity 
Casting Co., 10000 Exposition Bivd., Los Angeles 64, Calif. 
Home: 6338 West 77th St., Los Angeles 45, Calif. 

TRIMAKIS, ANTHONY K., (m) Tool and Equipment Engr., Northwest 
Airlines, Holman Field, St. Paul 1, Minn. Home: 101—3rd Ave. 
So., So. St. Paul, Minn. (IG, SP) 

TRIPPE, JUAN T., (m) President, Pan American World Airways, Inc., 
135 E. 42nd St., New York 17, N. Y. 

TRUAX, ROBERT C., (m) Commander, USN, Western Development 
Div., ARDC, U. S. Air Force, 5700 Arbor Vitae, Inglewood, Calif. 
Home: 18 Wideloop Rd., Rolling Hills, Calif. 

TRUDELLES, JOHN PAUL, (s) Boston Technical High School, Belvi- 
dere & Dalton Sts., Boston, Mass. Home: 19 Mayfield St., Bos- 
ton 32, Mass. (SR, SP) 

TRUESDELL, WILLIAM M., (s) U. S. Naval Academy, Annapolis, Md. 
Home: 3746 Paula St., Key West, Fla. 

TRULY, RICHARD H., (m) Engr., Preliminary Design Dept., Pilotless 
Aircraft Div., Boeing Airplane Company, Seattle, Wash. Home: 
Box 5, Bothell, Wash. 

TRUPIN, CAROL ANN, (s) Engrng. Assist., J-79 Controls Analysis, 
Aircraft Gas Turbines Div., General Electric Co., Evendale Plant, 
Cincinnati 15, O. Home: Apt. 5, 915 Barry Lane, Cincinnati 
29, O. (SP) 

TRYCE, RICHARD S., (m) Chief, Production, Alamogordo AMC Liaison 
Office, Box 1047, Holloman AFB, N. M. Home: 411B Curry Circle 
So., Holloman AFB, N. M. (IG, SP) 

TSCHINKEL, JOHANN G., (m) Asst. for Combustion & Fuels to Dir. 
of Test Lab., Army Ballistic Missile Agency, Redstone Arsenal, 
Huntsville, Ala. Home: 115 N. Plymouth, Huntsville, Ala. (LR, PC) 

TSUCALAS, JOHN C., (s) Polytechnic Institute of Brooklyn, 99 Liv- 
ingston St., Brooklyn 1, N. Y. Home: 162-23—96th St., Howard 
Beach 14, N. Y. (IG, SP) 

TUCKER, HUBERT LEE, JR., (s) Project Engr., Airborne Proj. Dept., 
American Bosch Arma Corp., Roosevelt Field, Garden City, N. Y. 
Home: 24 Raynham Dr., Syosset, N. Y. (LR, SP) 

TUCKER, MAURICE, (m) Mgr., Aero & Thermodynamics Dept., Mis- 
sile Systems Div., Lockheed Aircraft Corp., Box 504, Sunnyvale, 
Calif. Home: 20050 Winter Lane, Saratoga, Calif. (IG, SP) 

TUCKERMAN, ALFRED G., (a) Maj. Gen., Associate Engr., William E. 
Hill & Co., Inc., 640 5th Ave., New York 21, N. Y. Home: 125 
E. 74th St., New York 21, N. Y. (IG, PC) 

TUHY, IVAN E., (m) Staff Engr., Solid Propellants, The Martin Co., 
Baltimore 3, Md. Home: 802 Seaword Rd., Towson 4, Md. 
(SR, SP 

TULLOCK, GORDON, (m) Writer, 2854 Mulford Ave., Orlando, Fla. 

TUNISON, JAMES B., (m) Chief Test Conductor, Convair-Astronautics, 
A Div. of General Dynamics Corp., Edwards Rocket Base, Ed- 
wards, Calif. Home: 1414 W. Ivesbrook, Lancaster, Calif. 

TUOMEY, JOHN, (a) Supvr. Product Design, Maxon Instruments, 
47-37 Auste!l Place, Long Island City, N. Y. Home: 27 Borage 
Place, Forest Hills 75, N. Y. (IG, LR) 

TURETZKY, ARTHUR A., (m) Associate Research Engr,, Aerophysics 
Section, Armour Research Foundation, 10 W. 35th St., Chicago 
16, Ill. Home: 4821 N. Avers Ave., Chicago 25, Ill. (SP) 

TURKELTAUB, JACK R, (m) Physicist, Special Weapons Evaluation 
Branch, Weapons Sys. Laboratories, Aberdeen Proving Ground, 
Md. Home: 6B Nuttal Ave, Edgewood, Md. (IG, SR) 

TURNACLIFF, ROBERT D., (s) Instructor, Mech. Eng. Dept., University 
of Minnesota, Minneapolis, Minn. Home: 1951 »Sheridan Ave., 
St. Paul, Minn. (SP) 

TURNER, ALVIN F., (s) Instructor in the South East Signal School, 
Instructor Co. D, TSESS, Camp Gordon, Ga. Home:3604 Terrace 
Lane, Granite City, Ill. 

TURNER, ARTHUR A., (m) Sales Mgr., Refractories Division, Carbo- 
rundum Co., Perth Amboy, N. J. Home: 153 Lake Ave., Me- 
tuchen, N. J. (LR, PC, SR) 

TURNER, ARTHUR D., (m) Supvr., Small Aircraft Eng. Dept., General 
Electric Co., 1000 Western Ave., Lynn, Mass. Home: 54 Goss 
Ave., Melrose 76, Mass. (IG, 4 
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TURNER, BURR V., (m) Airframe Design Div., Bureau of Aeronautics, 
Washington 25, D. C. Home: 2521 N. Utah St., Arlington 7, Va. 

TURNER, CHARLES F., (m) Mgr., Liquid Propellant Application Res., 
Aviation Div., Olin Mathieson Chem. Corp., Box 480, Niagara 
Falls, N. Y. Home: 36 Lawrence Rd., Mt. Carmel, Conn. (LR, PC) 

TURNER, FLOYD R., (m) Design Engr., Power Plant Group, Convair, 
A Div. of General Dynamics Corp., Ft. Worth, Tex. Home: 3224 
Waits, Ft. Worth, Tex. (LR, PC) 

TURNER, JOHN J., (m) U. S. Naval Ordnance Test Station, China 
Lake, Calif. Home: 104A Byrnes, China Lake, Calif. (PC, RJ) 

TURNER, KENNETH A., (m) Research Engr., Rocketdyne, A Div. of 
North American Aviation, Inc., Canoga Park, Calif. Home: 4938 
Calderon Rd., Woodland Hills, Calif. (LR, SP) 

TURNER, RICHARD L., (m) Engr., Ramjet Eng., Combustor Group, 
Bendix Products Div., Bendix Aviation Corp., 400 S. Bieger St., 
Mishawaka, Ind. Home: 1718 S. Twyckenham Dr., South Bend, 
Ind. (RJ, SP) 
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American Potash & Chemical Corp., 3030 W. 6th St., Los Angeles 
54, Calif. (PC, SR) 

WHEELER, FRED A., (m) Ordnance Engr., Morris-Thermador Corp., 
5215 S. Boyle Ave., Los Angeles, Calif. Home: 3917 Victoria 
Ave., Los Angeles, Calif. 

WHEELER, JAMES W., (m) Director, Instrument Engrng., Aeronautical 
Equipment Div., Sperry Gyroscope Co., A Division of Sperry 
Rand Corp., Great Neck, L. I., N. Y. Home: 14 Highland Place, 
Sea Cliff, L. |., N. Y. (1G, SP) 

WHEELER, WILLIAM MORRIS, (a) Engr., Missiles & Ordnance Sys- 
tems Dept., General Electric Co., 3198 Chestnut St., Philadelphia 
4, Pa. Home: 142 Cedar Hollow Rd., Paoli, Pa. (IG, SP) 

WHEELOCK, JULIAN A., (a) President, J. Wheelock Associates, 2 West 
46th St., New York 36, N. Y. Home: 18 Norman Pl., Tenafly, 
N. J. (1G, SP) 

WHEILDON, WILLIAM M., (m) Res. Engr., Res. & Develop., Norton 
Company, 1 New Bond, Worchester, Mass. Home: 84 Gates Ave., 
Framingham, Mass. (LR, SR) 

WHINERY, ROBERT O., (m) Structures Engr., Missile Design Div., 
North American Aviation, Inc., Downey, Calif. Home: Gen. Del., 
Arlington, Tex. (SP) 

WHIPPLE, FRED L., (f) Director, Smithsonian Astrophysical Observa- 
tory, Professor Astronomy, Smithsonian Institution, Harvard 
University, 60 Garden St., Cambridge 38, Mass. Home: 12 Ran- 
doiph St., Belmont 78, Mass. (IG, SP) 

WHIPPLE, G. GRAHAM, (m) Assist. Mgr., Liquid Eng. Div., Aerojet- 
General Corp., 6352 N. Irwindale Ave., Azusa, Calif. Home: 1925 
Canyon Close Rd., Pasadena, Calif. (LR, SP) 

WHITAKER, WILLIAM A., (m) Hq. AFSWC, Albuquerque, N. M. Home: 
506 Princeton Dr. S.E., Apt. B, Albuquerque, N. M. (LR, SP) 
WHITCOMB, RICHARD F., Mgr., Public Relations, Administration Div., 
Reaction Motors, Inc., Ford Rd., Denville, N. J. Home: 34 Clark 

St., Mine Hill, Dover, N. J. 

WHITE, DONALD P., (m) Vice President, Norris-Thermador Corpora- 
tion, 5215 South Boyle Ave., Los Angeles 58, Calif. Home: 3015 
East California St., Pasadena 10, Calif. (LR, SR) 

WHITE, ELMER, (m) Engrng. Designer, Aircraft Nuclear Propulsion 
Dept., General Electric Co., Evendale Plant, Cincinnati 29, O. 
Home: 974 Cleveland Ave., Cincinnati 29, O. (LR, SP) 

WHITE, ERNEST C., (m) Asst. Project Engr., Missile Components, 
S. D. Hicks & Sons Co., 1671 Hyde Park Ave., Boston, Mass. 
Home: 1575 Beacon St., Brookline 46, Mass. 

WHITE, ETHNA A., (a) Sec. and Office Mgr., Haley, Doty & Wollen- 
berg, 1735 DeSales St., N.W., Washington 6, D. C. Home: 3100 
Connecticut Ave. N.W., Washington 8, D. C. 

WHITE, GENE H., (m) Sales Mgr., Pres., Sure Switch Div., Leach 
Corporation 5915 Avalon Blivd., Los Angeles 3, Calif. Home: 
15814 Gault St., Van Nuys, Calif. (LR, PC) 

WHITE, HERBERT M., (m) Sr. Res. Engr., North American Aviation, 
Inc., Downey, Calif. Home: 516 Morris Ave., West Covina, Calif. 
(PC) 

WHITE, JOHN A., (m) Colonel, Support Group (8706) U. S. Army, 
Rm. 1B945, Pentagon, Washington 25, D. C. Home: 1723 N. 
Veitch St., Apt. 3, Arlington 1, Va. (IG, SP) 

WHITE, LEO D., (f) Mgr.-Proving Ground, Aircraft Gas Turbine Div., 
General Electric Co., P.O. Box 338, Peebles, O. 

WHITE, NILES C., (m) Chief, Propellant Chemistry Branch, Rocket 
Development Lab., Ordnance Missile Labs., Redstone Arsenal, 
Huntsville, Ala. Home: 523 Lowell Dr., Huntsville, Ala. (PC, SR) 

WHITE, ORVAL C., (a) Coordinator, Boeing Airplane Co., Patrick AFB, 
Melbourne, Fla. Home: 209 S. Ridgewood Ave., Daytona Beach, 


Fla. 
WHITE, RAYMOND E., JR., (s) 2d Lt. (USAR), CE Hq. Co., 24th Engr. 
Gp. (Cons). Home: 537 East Franklin St., Lanark, Ill. (IG, SP) 


WHITE, ROY, (m) Vice Pres., Rahm Instruments, Inc., 12 W. Broad- 
way, New York, N. Y. 

WHITE, WARREN A,., (m) Engr., Service Operations, Small Aircraft, 
Engine Dept., General Electric Co., West Lynn, Mass. Home: 
29 Columbia Rd., Marblehead, Mass. (IG, RJ) 

WHITE, Z. LEWIS, (m) Proj. Engr., Philco Corp., 4700 Wissahickon 
Ave., Philadelphia 44, Pa. Home: 1472 Jericho Rd., Abington, Pa. 

WHITESELL, JACK M., (m) Sr. Engineer, Liquid Engine Div., Aerojet- 
General Corp., Azusa, Calif. Home: 7715 Botany St., Downey, 
Calif. (LR, SP) 

WHITLEY, CHARLES M., (m) Washington Rep., Aerojet-General Corp., 
Azusa, Calif. Home: 926 Oakwood Dr., Falls Church, Va. (SR) 

WHITLEY, ROBERT P., (m) Proj. Engr., U. S. Army Ordnance Corps, 
Redstone Arsenal, Huntsville, Ala. Home: RFD 2, Arab, Ala. (SR) 

WHITLOCK, COLEMAN M., (m) Convair, A Div. of General Dynamics 
Corp., San Diego, Calif. Home: Box 87, Del Mar, Calif. 


Home: 1401 6th St., S.E., Minneapolis 14, Minn. (LR, SR) 
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WHITMAN, GEORGE B., (s) Tech., Nike Project, Bell Telephone Lab- 
oratories, Inc., White Sands Proving Ground, N. M. Home: 851 
S. Melendres St., Las Cruces, N. M. (IG) 

WHITMORE, JOHN H., (m) Sr. Res. & Dev. Engr., Link Aviation, Inc., 
Hillcrest, Binghamton, N. Y. Home: 22 N. Morningside Dr., Bing- 
hamton, N. Y. (IG, SP) 

WHITTEMORE, EDWARD R., (m) Sr. Thermodynamics Engr. Home: 
5825 Folsom Dr., La Jolla, Calif. (IG, PC) 

WHITTLESEY, DAVID W., (m) Director, Sales Engrng., Craig Systems, 
Inc., 90 Holten St., Danvers, Mass. Home: 7 Lookout Court, 
Marblehead, Mass. 

WHITLOCK, MAURICE H., (m) Sr. Proj. Engr., Rocket Fuels Div., 
Tech. Develop. Br., Phillips Petroleum Co., Box 548, McGregor, 
Tex. Home: 2616 N. 32nd St., Waco, Tex. (PC, SR) 

WHITTIER, TERRELL G., (a) Instrumentation Tech., Aerojet-General 
Corp., Box 1947, Sacramento, Calif. Home: 5328—2nd Ave., 
Sacramento, Calif. 

WIANT, WAYNE E., (m) Missile Specifications Engr., Avionics and 
Electronics Div., Goodyear Aircraft Corp., Akron, O. Home: 626 
Pierce Ave., North Canton 20, O. (IG, SP) 

WICHSER, ROBERT F., (a) Chief Res. Engr., Republic Aviation Corp., 
Farmingdale, N. Y. Home: 3574 Amherst Dr., Wantagh, N. Y. 

WICKERSHAM, ROBERT O., (m) WS107A-1 Program Office, Ramo- 
Wooldridge Corp., P.O. Box 299, Inglewood, Calif. Home: 18050 
Osborne St., Northridge, Callif. (LR, SP) 

WIDAWSKY, ARTHUR, (m) Engr.-Thermodynamics, Missile Develop. 
Div., North American Aviation, Inc., 12214 Lakewood Blvd., 
Downey, Calif. Home: 502 South Berendo St., Los Angeles 5, 
Calif. (PC, SP) 

WIE, SANG K., (s) University of Minnesota, Minneapolis, Minn. Home: 
712—15th Ave., S.E., Minneapolis 14, Minn. 

WIEBER, PAUL R., (s) Case Institute of Technology, 10800 Euclid 
Ave., Cleveland 6, O. Home: 19307 Riverwood, Rocky River 16, O. 
(PC, SP) 

WIEGAND, JAMES H., (m) Head, Solid Engine Res. Dept., Rocket 
Plant, Aerojet-General Corp., Box 1168, Sacramento, Calif. 
Home: 5832 San Juan Ave., Fair Oaks, Calif. (PC, SR) 

WIELAND, JOHN A., (m) Sr. Electronics Engr., Convair, A Division 
of General Dynamics Corp., San Diego, Calif. Home: 669 Sharon 
Way, San Diego 19, Calif. (IG, SP) 

WIENER, LEONARD S., (m) Chief Rocket Design Engr., Rocket Dept., 
Curtiss-Wright Corp., Caldwell, N. J. Home: 535 Standish Rd., 
Teaneck, N. J. (LR, SP) 

WIER, TRUMAN H., (a) Field Engr., Bomarc, Farnsworth Electronics 
Co., Fort Wayne, Ind. Home: RFD 1, Box 344, South Bend, Ind. 
(IG) 

WIERZBICKI, BERNARD J., (a) Sr. Flight Test Engr., Test Evaluation, 
Convair-Astronautics, A Division of General Dynamics Corp., 
San Diego, Calif. Home: 3660 Bascomb PI., San Diego 17, Calif. 
(IG, LR) 

WIGERS, ALLAN B., (m) Electrical Engr., Engrng., Ryan Aeronautical 
Co., 2701 Harbor Dr., San Diego, Calif. Home: 4543 Sauk, San 
Diego 17, Calif. (IG, SP) 

WIGGINS, ERNEST J., (m) Assist. to Mgr., Atmospheric Chemical 
Physics, Stanford Research Institute, Stanford Village, Menlo 
Park, Calif. Home: 1542 Julie Lane, Los Altos, Calif. (IG, SP) 

WIGGINS, JOSEPH W., (m) Asst. Tech. Dir., and Dir. of Engrng., 
Redstone Chemical Corp., Huntsville, Ala. Home: 120 Bibb Rd., 
Huntsville, Ala. (PC, SR) 

WILBUR, PAUL C., (m) Dir. of Res. Machinery Divs., & Vice Pres., 
Food Machinery & Chemical Corp., Box 760, San Jose 6, Calif. 
Home: 10445 Anderson Rd., San Jose, Calif. (LR, SP) 

WILCOX, HOWARD A., (m) Head, Rocket Development Dept., U. S. 
Naval Ordnance Test Station, Room 2072, Michelson Lab., China 
Lake, Calif. Home: 1 Sage Pl., China Lake, Calif. 

WILCOX, KENNETH K., (m) Sr. Design Engr., Propulsion & Design 
Group Rep., Convair-Astronautics, A Div. of General Dynamics 
Corp., AFMTC, Fla. Home: 1112 Shorewood Dr., Orlando, Fla. 
(LR, SP) 

WILCZEK, DENNIS R., (s) University of Minnesota, 235 20th Ave. So., 
Minneapolis, Minn. Home: Route 3, Perham, Minn. (LR, SP) 
WILFORD, DAVID B., (m) Sr. Res. Engr. Combustion Devices Special- 
ist, Rocketdyne, A Division of North American Aviation, Inc., 
Canoga Park, Calif. Home: 20509 Schoenborn St., Canoga Park, 

Calif. (IG, PC) 

WILHITE, V. H. BRYCE, (m) Tech. Dir., Utah Div., Thiokol Chemical 
Corp., Brigham City, Utah. Home: Brigham City, Utah. (SR, SP) 

WILIMEK, FRED, (m) Contract Administrator, Varian Associates, 611 
Hansen Way, Palo Alto, Calif. 

WILKENS, RICHARD S., (m) Sight Light Div., American Machine & 
Foundry Co., Deep River, Conn. 

WILKERSON, EMERY C., (m) Head, Burner Lab., Experiment Incor- 
porated, P.O. Box 1-T, Richmond 2, Va. Home: 5503 Forest Hill 
Ave., Richmond, Va. (PC, RJ) 

WILKES, BEN F., (m) Aeronautical Res. Admin., Directorate of Res. 
& Develop. DCSID, Hdqtrs. USAF, Washington 25, D. C. Home: 
Rt. 3, Box 453, Annandale, Va. (PC, SP) ay 


WILKINSON, CLEVELAND 0O., (m) Proj. Engr., Systems Engrng. Div., 
Paul Hardeman, Inc., 2051 Pontius Ave., Los Angeles 25, Calif. 
Home: 137 Via Colusa, Redondo Beach, Calif. 

WILL, FRANCIS A., (a) Test Engr., Rocketdyne, A Division of North 
American Aviation Inc., Box 107, Boron, Calif. Home: 1222 N. 
Clybourn, Burbank, Calif. (LR, SR) 

WILLET, ROBERT M., JR., (m) Engrng. Planning Coordinator, Engrng. 
Div., Bell Aircraft Corp., P.O. Box 1, Buffalo 5, N. Y. Home: 
Althea St., Olcott, N. Y. (SP) 

WILLETT, BERNARD M., (m) Member, Tech. Staff, Guided Missile 
Res. Div., The Ramo-Wooldridge Corp., Field Test Operations, 
P.O. Box 4277, Patrick AFB, Fla. Home: 721 Strawbridge Ave., 
Melbourne, Fla. (LR) 

WILLEY, NORMAN W., (m) Sr. Design Engr., Convair, A Division of 
General Dynamics Corp., San Diego, Calif. Home: 3130 First 
Ave., San Diego 3, Calif. (LR, PC) 

WILLIAMS, CHARLES W., (m) Mgr., Fabrication & Assembly, Missile 
Operations, Chrysler Corp., P.O. 2628, Detroit 31, Mich. Home: 
1824 Pine St., Birmingham, Mich. (LR, SP) 

WILLIAMS, CLAYTON W., (m) Engr., Bell Aircraft Corp., P.O. Box 1, 
Buffalo 5, N. Y. Home: 62 Fairbanks Ave., Kenmore 23, N. Y. 
(LR, SP) 

WILLIAMS, E. B., (m) Dir. of Engrng., Cooper Development Corp., 
2626 S. Peck Rd., Monrovia, Calif. i 

WILLIAMS, ERNEST W., (m) Mech. Engr., Advanced Engrng. Program 
Aircraft Gas Turbine Div., General Electric Co., 1000 Western 
Ave., Lynn, Mass. Home: 76 Delano Ave., Revere, Mass. (LR, SP) 

WILLIAMS, FORMAN A., (s) California Institute of Technology, Pasa- 
dena, Calif. Home: 3151 E. Colorado, Pasadena, Calif. (PC, SP) 

WILLIAMS, KIRK, (m) Electronics Engr., Hallamore Electronics Co., 
8352 Brookhurst Ave., Anaheim, Calif. Home: 325 N. Orange 
Ave., Fullerton, Calif. (IG, SR) 

WILLIAMS, MARSHALL A., (a) General Sales Mgr., Govt. & Industrial 
Div., Philco Corp., 4700 Wissahickon Ave., Philadelphia, Pa. 
Home: 10589 Santa Monica Bivd., Los Angeles 25, Calif. 

WILLIAMS, MARY M., (m) Chem. Engr., Naval Ordnance Test Sta- 
tion, China Lake, Calif. Home: 50-B Rowe St., China Lake, Calif. 
(PC, SR) 

WILLIAMS, MAX L., JR., (m) Assoc. Prof. of Aeronautics, California 
Institute of Technology, 1201 E. Calif. St., Pasadena 4, Calif. 
Home: 409 Bonita Ave., Pasadena 10, Calif. (SP) 

WILLIAMS, MORTON R., (a) Design Draftsman, Electronic Packaging, 
Convair-Astronautics, A Division of General Dynamics Corp., 
3302 Pacific Highway, San Diego, Calif. Home: 3276 Idlewild 
Way, San Diego 17, Calif. (PC, SP) 

WILLIAMS, O. S., (m) Sr. Project Engr., Res. & Engrng. Dept., Re- 
action Motors, Inc., Denville, N. J. Home: 169-17 Foch Bivd., 
Jamaica 34, N. Y. (IG, LR) 

WILLIAMS, RICHARD D., (m) Res. Develop. Engr., Rocketdyne, A 
Division of North American Aviation Inc., 6603 Canoga Ave., 
Canoga Park, Calif. Home: 159-13 Northeast Dr., Patrick AFB, 
Fla. (LR, RJ) 

WILLIAMS, SEARS, (m) Assist. Proj. Engr., Prod. Design, The Martin 
Company, Baltimore 3, Md. Home: 3309 Brendan Ave., Baltimore 
13, Md. (LR, SP) 

WILLIAMSON, CHARLES A., (m) Maintenance Supvr., Engrng. Ser- 
vices Div., Telecomputing Corporation, P.O. Box 447, Holloman 
AFB, N. M. Home: 405 San Andreas, Alamogordo, N. M. (IG) 

WILLIAMSON, C. GLEN, (m) Management Assoc., Sherman Fairchild 
& Associates, Inc., Room 4628, 30 Rockefeller Plaza, New York 
20, N. Y. Home: 463 Scarsdale Rd., Crestwood, Tuckahoe, N. Y. 
(IG, SP) 

WILLIAMSON, JERRY L., (m) The Martin Company, Denver, Colo. 
Home: 1874 S. Garfield St., Denver 10, Colo. (LR, SP) 

WILLIAMSON, JOHN E., (m) Test Engr., Rocketdyne, A Division of 
North American Aviation Inc., 6633 Canoga Ave., Canoga Park, 
Calif. Home: 23037 Windom St., Canoga Park, Calif. (LR, SP) 

WILLIAMSON, LYTLE R., (m) Res. Instrumentation Engr. Develop- 
ment, JPL, California Institute of Technology, 4800 Oak Grove 
Dr., Pasadena, Calif. Home: 44450 Stanridge, Lancaster, Calif. 
(IG) 

WILLIAMSON, ROBERT C., (m) Combustion Engr., Aircraft Gas Tur- 
bine Div., Flight Propulsion Lab. Dept., General Electric Co., 
Cincinnati 15, O. Home: 24 Day Circle, M.R. #1, Milford, O. 
(PC, RJ) 

WILLIAMSON, ROBERT H., (m) Lead Designer, Temco Aircraft Corp., 
P.O. Box 6191, Dallas, Tex. Home: 1717 So. Edgefield Ave., 
Dallas 24, Tex. (PC, SP) 

WILLINSKI, MARTIN I., (a) Res. Engr., Rocketdyne, A Division of 
North American Aviation, Inc., 6633 Canoga Ave.,s Canoga Park, 
Calif. Home: 18542 Sunburst St., Northridge, Calif. (SP) 

WILLIS, CLIFFORD E., (m) Vice-President and General Mgr., National 
Water Lift Co., 2220 Palmer Ave., Kalamazoo, Mich. Home: 1612 
Evanston Ave., Kalamazoo, Mich. (IG, LR) 

WILLISTON, CARL O., (s) Michigan College of Mining & Technology, 
Sault Ste. Marie, Mich. Home: Route #4, Saginaw, Mich. (IG, SP) 

WILSON, ANDREW J., (m) Res. Engr., Rocketdyne Div., North Ameri- 
can Aviation, Inc., 6633 Canoga Ave., Canoga Park, Calif. Home: 
22935 Burton St., Canoga Park, Calif. 
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WILSON, CHARLES J., (s) Pennsylvania State University. Home: 64 
Payne St., Clarion, Pa. 

WILSON, EARL L., (m) Missile Engr., Power Plant Section, Douglas 
Aircraft Co., 3000 Ocean Park Blvd., Santa Monica, Calif. Home: 
2227 Vandalia Ave., Los Angeles 32, Calif. (LR, PC) 

WILSON, JACK L., (m) Group Engr., The Martin Company, Denver, 
Colo. Home: Gen. Del., Evergreen, Colo. 

WILSON, JACK L., (m) Unit Head, Ground Support Electro, Engrng. 
Dept., The Martin Company, Denver, Colo. Home: Box 128, 
Evergreen, Colo. (IG, SP) 

WILSON, JOHN E., (a) District Mgr. & Met. Engr., Development- 
Sales, Climax Molybdenum Co., 650 S. Grand, Los Angeles 17, 
Calif. 

WILSON, JOHN R., (m) Pres., Hanlon & Wilson Co., 321 Pennwood 

Pa. Home: 1021 Jefferson Hts., Pittsburgh 


Ave., Pittsburgh 21, 

35, Pa. 
WILSON, J. W., (m) Home: 1717 E. Ave., Lancaster, Calif. 
WILSON, E. MILTON, (m) Sr. Chemist, Chemical Dept., Aerojet- 


General Corp., Box 296, Azusa, Calif. Home: 1216 Sunny Oaks 
Circle, Altadena, Calif. (PC, SR) 

WILSON, ROBERT D., (m) Ground Test Group, Marquardt Aircraft 
Co., 16555 Saticoy St., Van Nuys, Calif. (PC, RJ) 

WILSON, ROBERT W., (m) Project Engr., Res. & Advanced Dev. Div., 
Avco Manufacturing Corp., 20 South Union St., Lawrence, Mass. 
Home: 19 Swan Pond Rd., North Reading, Mass. (SP) 

WILSON, WARREN K., (a) Res. Chemist, Goodyear Tire & Rubber 
Co., Akron, O. Home: 1213 Berwin St., Akron 10, O. (IG, LR) 


WILSON, WILLIAM E., (s) Assistant, Dept. of Chemistry, Purdue Uri- 


versity, Lafayette, Ind. Home: 301 State, W. Lafayette, Ind. 
(PC, SP) 
WIMPRESS, DONALD S., (m) Asst. Proj. Engr., AiResearch Mfg. Co., 


9851 Sepulveda Bivd., Los Angeles, Calif. Home: 9307 Ingleport 
Ave., Los Angeles 45, Calif. (IG) 

WINCHESTER, WILLIAM G., (s) Digital Programmer Records Compu- 
tation Dept., |.B.M. Corp., Development Lab., Poughkeepsie, N.Y. 
Home: Little Falls Trailer Park, Wappingers Falls, N. Y. (IG, SP) 

WINE, BRUCE A., (s) lowa State College, Ames. la. Home: 2018 Sun- 
set Dr., Ames, la. (RJ, SP) 

WINEGAR, WILLIAM L., (m) Design Engr., Liquid Engines Div., Aero- 
jet General Corp., 6352 Irwindale, Azusa, Calif. Home: 164 Anita 
Dr., Pasadena 2, Calif. (LR, SR) 

WINER, HAROLD S., (m) Design Engr., Engine Systems II, Rocket- 
dyne, A Division of North American Aviation Inc., 6633 Canoga 
Ave., Canoga Park, Calif. Home: 10415 Blucher Ave., Granada 
Hills, Calif. (LR, PC) 

WING, GEORGE SHERMAN, (m) Sr. Res. Engr., Res. Div., Curtiss- 
Wright Corp., Brighton Rd., Clifton, N. J. Home: 282 N. Fuller- 
ton Ave., Montclair, N. J. (SR, SP) 

WINKLEBLACK, FARRELL D., (m) Res. Engr., Development, Rocket- 
dyne, A Div. of North American Aviation Inc., 6633 Canoga Ave., 


Canoga Park, Calif. Home: 15907 Victory, Van Nuys, Calif. 
(LR, SP) 
WINKLER, LEOPOLD, (m) Mech. Engr., Naval Research Laboratory, 


Washington 25, D. C. Home: 4629 Clark Pl., Washington, D. C. 


(LR, SR) 

WINNARD, WALTER H., JR., (m) District Mgr., Sales, Aerojet-General 
Corp., 6352 Irwindale Ave., Azusa, Calif. Home: 5520 Woodmont 
Ave., Baltimore 12, Md. (LR, SR) 

WINQUIST, ROGER D., (m) Test Engr., Missiles Systems Div., Lock- 
heed Aircraft Corp., Woodley Ave., Van Nuys, Calif. Home: Rte. 
2, Box 690, Cloquet, Minn. 

WINSOR, PAUL Ill, (m) Staff Consultant, Technical Advisor to Div. 
Mer. (Research Center) Burroughs Corp., Paoli, Pa. Home: North 
Valley Rd., Box 129, Pa. 

WINSTON, HERBERT, (s) Yale University, Sterling Hall of Medicine, 


333 Cedar St., New Haven, Conn. Home: 104-20 68th Dr., Forest 
Hills 75, N. Y. (SP) 
WINTER, FINTAN J., JR., (s) Parks College, E. St. Louis, Ill. Home: 


Minneapolis, Minn. (1G, RJ) 

WINTER, HENRY F., (s) Case Institute of Technology, Box 269, Case 
Dorm., Cleveland 6, O. Home: 351 Elm Dr., Wooster, O. 

WINTER, JOHN S., (m) Chief Engr., Powerplants Subdivision, Mar- 
quardt Aircraft Co., 16555 Saticoy St., Van Nuys, Calif. Home: 
17412 Hart St., Van Nuys, Calif. (PC, RJ) 

WINTERNITZ, PAUL F., (m) Res. Prof. of Chem. Engrng., New York 
University, University Heights, New York 53, N. Y. Home: 166 
W. 72nd St., New York 23, N. Y. 

WINZEN, OTTO C., (m) President, Winzen Research Inc., 8401 Lyn- 
dale Ave. So., Minneapolis 20, Minn. Home: 1250 Dodd Rd., St. 
Paul, Minn. (SP) 

WISS, JOHN W., (m) U. S. Army Ordnance, Los Angeles Ordnance 
District, 55 S. Grand St., Pasadena, Calif. (LR, SR) 

WISSEMANN, HILMER J., (m) Assist. Vice-President, Apparatus Div., 
Engrng. Dept., Texas Instruments Incorporated, 6000 Lemmon 
Ave., Dallas 9, Tex. Home: 415 Sunset Ave., Dallas 8, Tex. 

WITALIS, RONALD E., (s) Case Institute of Technology, Warner & 
Swasey Observatory, Taylor & Brunswick Rds., East Cleveland 
12, O. Home: 233 W. Allerton Ave., Milwaukee 7, Wis. 
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WITCRAFT G. MERLE, (m) Sr. Engr., 
Home: 2705 Zinfandel 


General Corp., Sacramento, Calif. 
Rancho Cordova, Calif. (PC, SR) 
WITHERLY, T. DEXTER, (s) Mech. Engr., 
Menlo Park, Calif. Home: 721 South B St., 

(IG, SP) 

WITHERSPOON, JAMES D., (s) Lab. of Animal Physiology, Purdue 
University, W. Lafayette, Ind. Home: 115 Waldron, W. Lafayette, 
Ind. (SP) 

WITHEY, JAMES T., (m) Asst. Project Engr., Special 
action Motors, Inc., Denville, N. J. Home: 75 Prospect St., 
Falls, N. J. (LR) 

WITKEN, KENNETH D., (s) New Mexico State College. Home: Box 
1208, State College, N. M. 

WITKO, JOSEPH, JR., (m) Assist. Project Engr., 
Denville, N. J. Home: Longwood Rd., R.D. 
(LR, SP) 

WITT, RONALD H., (s) University of Notre Dame, 423 Walsh Hall, 
Notre Dame, III. Home: 375 Forest Dr., Union, N. J. (LR, SP) 

WITTGEN, JACK, (m) Superintendent, Plant Control, Aerojet-General 
Corp., 6352 N. Irwindale Ave., Azusa, Calif. Home: 666 Forest 
Ave., South Pasadena, Calif. (LR, SR) 

WOIE, ARDELL H., (m) USAF, Mechanic-Aircraft & Engine, McChord 
AFB, Wash. Home: 523 North C., Tacoma 3, Wash. 

WOLF, .HELMUT, (s) Res. Asst., Purdue University, Rocket Lab., W. 
Lafayette, Ind. Home: 21 University St., W. Lafayette, Ind. 
WOLF, JOHN WILLIAM, (a) Sr. Armamaent Engr., Armament Div., 
The Martin Company, Baltimore, Md. Home: 5700 Cross Country 

Bivd., Baltimore 9, Md. (RJ, SR) 

WOLF, ROBERT L., (m) Vice President Technical Operations, Propul- 
sion Div., Experiment Incorporated, P.O. Box 1-T, Richmond 2, 
Va. Home: Route 2, Box 140, Chesterfield, Va. 

WOLFE, ALLEN E., (m) Engrng. Group Supvr., Instrument Develop. 
Section, JPL, California Institute of Technology, 4800 Oak Grove, 
Pasadena, Calif. Home: 2980 Crestford Dr. Altadena, Calif. 
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ANDREW BOTTARO 


After starting with Bell as a Loftsman in 1942, 
he left for college in 1945 and received o B. S. 
in Mechanical Engineering from Purdue in 1949. 
He returned to Bell immediately as a Develop- 
ment Test Engineer on Thrust Chambers ond 
soon excelled in R&D testing, the design of 
test equipment and instrumentation. He is now 
manager, at 33, of the Wheatfield Plant Rocket 
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Where folks are on the up and up 


Engineers with ability, like Andrew Bottaro, move up rapidly in 
Bell Aircraft’s newly-organized Rockets Division. This fast mov- 
ing, rapidly expanding organization offers challenging opportu- 
nities in practically all fields of engineering. From the initial 
design of components to the installation of the complete power 
plants, engineers here are making important contributions to 
this new and vital technology. 


If your present position does not offer the professional 


future of which you believe yourself capable—if you're look- 
ing for a chance to accomplish more and move faster, 
investigate your opportunities at Bell Aircraft. 

Write today: Supervisor Engineering 
Employment, Industrial Relations Dept., 
BELL AIRCRAFT CORPORATION, P. O. Box One, 
Buffalo 5, New York. 
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Chapman, Merle F., Inspection Process 
Engr. 
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Since its in 1945, Experiment 
has engaged in a wide variety of research and develop- 


ment projects concerned with the conversion and utili- 


zation of energy. 


This has included development of ramjet, rocket and 
other propulsion systems for guided missiles; the de- 
velopment of liquid propellant systems for guns; de- 
velopment of both solid and liquid propellants; and 
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related chemical processes. 
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Engineers and scientists interested in challenging 
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vited to write for a descriptive brochure to: 
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sents a compact power source. It carries its own 
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LOS ANGELES, CALIF. 
Brown, Ralph E., Chief — 
Burkhart, Ernie C., President 
Custer, Randall M., Director, Mech. Div. 
Powers, Joseph W., Jr., Asst. Chief Engr. 
Tikanen, William A., Instrument Engr. “7 


GEO-PHYSICAL MAPS, INC., 
NEW YORK, N. Y. 
Fagg, Kenneth S., Vice President 


GEO-SCIENCE, INC., 
ALAMOGORDO, N. M. 
Jones, June G., Res. Physicist 


G. M. GIANNINI CO., INC., 
PASADENA, CALIF. 
Gero, Doane R., Vice Pres. 
Giannini, Gabriel M., President 


GILFILLAN BROS., INC., 
LOS ANGELES, CALIF. 


Codding, Gordon E., Production Engr. 
Noland, Albert R., Proj. Engr. 


GILLILAND ENTERPRISES, 
LAFAYETTE, IND. 


Gilliland, William L., President 


GILMORE INDUSTRIES, INC. 
CLEVELAND, O. c- 


Carleton, Richard J., Jr., Chief Engr. 7 
GLAR-BAN CORP., 
BUFFALO, N. Y. 


Malesky, Edward F., Vice Pres., Engrng. 


Roggan, Francis J., President 
GLOBE INDUSTRIES, 
BELLEVILLE, N. J. 

Mock, Wesley C., Jr., Chief Engr. 


B. F. GOODRICH COMPANY, 
AKRON, O. 

Catt, Harold W., Asst., Exec. Vice Pres. 
Washington, D. C. 

Marshall, Fred T., Director, Fed. Govt. ne. 


GOODYEAR AIRCRAFT CORP., 

AKRON, 0. 
Couts, Robert J., Mgr., Design Engr. 
Feldscher, John C., Mgr., Rocket Div. 

Hegbar, Howard R., Megr., Avionics & 
Electronics 

Hinks, William L., Sr. Devel. Engr. 

Hoffman, Thelma, Design Checking 


Knight, Richard E., Head, Aerodynamics 
Dept. 
Minor, Howard C., Engr. 


Romick, Darrell C., Head, Astronautics 
Group 

Designer-Structures 

Straw, Clayton L., Weight Engr. 


- Toman, William, Develop. Engr. 
Wiant, Wayne E., Missile Specifications 
Engr. 


GOODYEAR TIRE & RUBBER CO., 
AKRON, O. 
Osterhof, H. Judson, Director of Res. 
Sutton, Robert W., Sales Engr. 
_ Wilson, Warren K., Res. Chemist 
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N. HOLLYWOOD, CALIF. Wied ne 
Gordon, Alan, Owner 
Stern, David M., Director of Purchases 


GORN ELECTRIC CO., INC. 
STAMFORD, CONN. pds 
Morgan, A. Henry, General Mgr. Pehed 


GRAND CENTRAL ROCKET CO., mag, 
REDLANDS, CALIF. 

Anderson, Earl B., Proj. Engr. 

Bachtel, William L., Asst. Proj. Engr. 


Bartley, Charles E., President 

Batchelder, George W., Head, Chem. Dept. 
Elder, John Kendall, Sr. Chemist 

Engler, John F., Staff Engr. 

Farrell, Frank C., Asst. Chemist 

Fletcher, David A., Asst. Head, Chem. Dept. 
Formes, Townsend Karl, Asst. Director 
Halwes, Don A., Staff Engr. 

Hartzell, Wilbur G., Chief Proj. Engr. 
Hendon, Daniel H., Asst. Proj. Engr. 
Hoffman, George D., Proj. Engr. 
Langenborg, Nils, Plastics Engr. 

Marion, Frank A., Director ~ 
Schaafsma, Willem, Chief Engr. 
Settlemire, Larry, Production Mgr. 


Spry, James W., Jr., Staff Engr. 

Stickney, Herbert H., Director of Admin. 

Thackwell, Henry L., Jr., Asst. Pres. in 
Charge of Operations 

Waxman, Stanley, Director of Res. and 
Develop. 


West, Craig L., Materials Engr. 
Glendale, Calif. 

Moseley, Corliss C., Chairman of Board 
Washington, D. C. 

Weitzel, Winfield, Tech Rep. 


GRANT ADVERTISING, 
NEW YORK, N. Y. 
Johnston, Thomas E., PR Account Exec. 


GRATIOT ENGINEERING COMPANY, 
WOODSTOCK, VT. 
Gratiot, John P. 


GREAT LAKES CARBON CORP., 
NIAGARA FALLS, N. Y 


Karagoz, Berc Y., Proj. Leader 


GREAT LAKES PETROLEUM SERVICE CO., 
HOUSTON, TEXAS 
Field, Freeman B., Field Engr. 


M. GREENBERG’S SONS, 
SAN FRANCISCO, CALIF. 
Sanders, Frederick A., Production Engr. 


GREENLEAF MANUFACTURING CO., 

ST. LOUIS, MO. 
Boman, William T., Jr., Develop. Engr. 
Greenblatt, Louis W., President 
Volk, Joseph A., Director of Res. 


Zak, Stanley J., Vice President 7 
GROVE VALVE & REGULATOR CO, = 
OAKLAND, CALIF. 

Bryant, Austin U., Vice Pres., Engrng. 


GRUEN APPLIED SCIENCE LABORATORIES, 


INC., 
HEMPSTEAD, N. Y. 
Nucci, Louis M. 


Stepanoff-Dargery, George A., Sr. Design 


Eng. Scientist 


GRUMMAN AIRCRAFT ENGINEERING CORP., 
BETHPAGE, N. Y. 
Bauman, Robert, Details GRP 
Cavin, Joseph G., Jr., Chief Missile Engr. 
Frank, Anthony J., Structure Engr. 
Gayne, William J., Structural Designer, 
Weapons Systems Dept. 
Harrison, Arthur E., Avionics Sys. Engr. 
Havriliak, Alexander 
Marmorale, Anthony, Design Engr. 
Montusi, Robert R., Design Engr. 


Roukis, John G., Asst. Chief of Propulsion 
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Smedfjeld, John B., Flutter and Vibration 
Engr. 

Tebo, William J., Propulsion Engr. 

Viemeister, Peter E., Prelim. Des. Engr. 

Watman, Herbert, Aerodynamics 


G-V CONTROLS, INC. 

EAST ORANGE, N. J. 
Keena, Frank J., Lab. Technician 
Marks, J. David, Mgr. of Engrng. =~ 


GYREX CORPORATION, 
SANTA MONICA, CALIF. 
Barton, William A., Vice President 


4ABERSTROH STUDIOS, 
NEW YORK, N. Y. 
Haberstroh, Alex 


4AHN & CLAY, 
4OUSTON, TEXAS 
Megow, Lawrence F., Gen. Mgr., Fabricated 
Steel Div. 


HALEY, DOTY & WOLLENBERG, 
NASHINGTON, D. C. 

Bader, Michael, Attorney 

Haley, Andrew G., Attorney 

White, Ethna A., Secretary and Office Mgr. 


4HALLAMORE ELECTRONICS CO., 
ANAHEIM, CALIF. 
Burke, John J. 
Griffiths, Franklin E., Mech. Des. Engr. 
Studer, Donald E., Sr. Electronics Engr. 
Williams, Kirk, Electronics Engr. , 


HALLER, RAYMOND & BROWN, INC., — 
STATE COLLEGE, PA. ee 


Knausenberger, George E., Management 
Staff 


HALLICRAFTERS CO., 
CHICAGO, ILL. 
Snick, John A., Jr. Engr. 


HAMILTON WATCH CO., 

LANCASTER, PA. 
Burner, Lincoln C., Electronics Proj. Engr. 
Cunningham, John A., Div. Mgr. 


HANLON & WILSON CO., 
PITTSBURGH, PA. 


Wilson, John R., President 


WALTER HARDMAN, 
SEATTLE, WASH. 
Hardman, Walter Jr., Assoc. Broker 


PAUL HARDEMAN, INC., 
NEW YORK, N. Y. 


Meisel, Joseph, Engrng. & Develop. | 


Los Angeles, Calif. 
Wilkinson, Cleveland O., Proj. Engr. 


HARMAN EQUIPMENT CO., 
LOS ANGELES, CALIF. 


Harman, Gerald J., President 


HARVEY MACHINE CO., INC., 
TORRANCE, CALIF. 
Anderson, Paul E., Ch. Engr. Res. & Devel. 
Harvey, Herbert, Vice President 
Harvey, Homer M., President 
Owens, Ralph 
Thomas, Harold E., Proj. Engr. 


HASKEL ENGINEERING ASSOCIATES, | 

GLENDALE, CALIF. 
Driskel, Don W., Partner, Engrng. “< 
Hayman, Richard L., President 


HAVEG CORPORATION, 

WILMINGTON, DEL. 
Brady, James M., District Sales Mgr. 
Carrow, John W., Ill, General Sales Mgr. 
Lux, John H., President 

Westfield, N. J. 
Mampe, Edwin P., District Mgr., Sales 
Ward, John M., Dist. Mgr., Tech. Sales 


HAYNES-STELLITE CO., 

KOKOMO, IND. 

A DIVISION OF UNION CARBIDE CORP., 
Badger, F. Sidney, Jr., Vice President 
Chisholm, Charles G., General Sales Mgr. 
Fritzien, Glenn A., Technical Director 

Los Angeles, Calif. 

Boericke, Frederic S., District Sales -Mgr. 
Calhoun, William D., Sales Engr. 


J. C. HENNESSY & ASSOCIATES, INC. 
MINNEAPOLIS, MINN. 
Hennessy, John C., President 
HENRY PRODUCTS CO., 
BROOKLYN, N. Y. 7 
Levenson, Robert S., Mech. Engr. 
HERCULES POWDER CO., 
WILMINGTON, DEL. 
Bonner, Lyman G., Mgr., Explosives Res. 


Hakenjos, Fred M., Mgr., Smokeless Pow- 
der Sales 


ALLEGANY BALLISTICS LABORATORY, 
CUMBERLAND, MD. 

Helbert, William B., Jr., Proj. Engr. 

McKinney, C. Dana, Jr., Tech. Dir. 
Kenvil, N. J. 

Giacco, Alexander F., Tech. Supt. 
Radford, Va. 

Main, John H., Tech. Director 


HERRING-HALL-MARVIN SAFE CO., 
HAMILTON, O. 
Holbrock, Edward F., Jr. Engr. 


HETT ASSOCIATES, INC., 
ENGLEWOOD, N. J. 
Hett, John H., President _ 


HEWITT-ROBINS, INC., 
STAMFORD, CONN. 
Sarbach, Donald V., Director of Res. 


S. D. HICKS & SON CO., 

BOSTON, MASS. 
Lewis, John D., Proj. Engr. 
Mitchell, Robert J., Proj. Engr. 
Reimers, John C., Vice President | 
White, Ernest C., Asst. Proj. Engr. 


HIGH VOLTAGE ENGINEERING CORP., 
BURLINGTON, MASS. 
Gale, Alfred J., Mgr., Res. & Engrng. 


WILLIAM E. HILL & CO., 
NEW YORK, N. Y. 

Tuckerman, Alfred G., Assoc. Engr. 
HILLER HELICOPTERS, 
PALO ALTO, CALIF. 

Messinger, Carl W., Jr., Proj. Engr. 

Wan, Harry, Test Engr. 


HOFFMAN LABORATORIES, INC., 

LOS ANGELES, CALIF. 
Borks, Manfred D., Engrng. Specialist 
Clark, Thomas C., Dir. of Miiitary Sales 
Downes, Lloyd C., Mgr. Navigation Sect. 
McLean, James D., President 
Moss, John B., Chairman, Executive Com. 
Wasmansdorff, C., Vice President 


HOKANSON & CO., INC., 
LOS ANGELES, CALIF. 
Hokanson, Carl G., President 


HOLMES & MARVER, INC., 

LOS ANGELES, CALIF. 
Medlin, William W., Proj. Engr. fed 
Pierce, George O., Chief Proj. Engr. 


HUGHES AIRCRAFT CO., 
CULVER CITY, CALIF. 
Anderson, A. Marvin, Tech. Staff 
Atwood, Stanley G., Jr., Member of Tech. 
Staff 
Aymen, Walter P., Experimental Test 
Bariffi, Herbert F., Tech. Staff 
Bassett, Denison S., Cockpit Design Sec- 
tion Head 


Bluestein, Theodore, Member, Tech Staff 

Broker, Bruce, Member of Tech Staff 

Carvey, Tom B., Head, Launchers and 
Power Plants Dept. 

Coe, Clarence S., Chemist 

Drebinger, John W., Member, Tech Staff 

Ellis, C. William, Member of Tech Staff 

Gin, Winston, Member of Tech Staff 

Gross, Leonard, Head, Missile Sys. Dept. 

Heimiller, Robert C., Res. Engr., Member 
of Tech Staff 

Hendren, Eugene E., Head of Propulsion 
Section 

Jensen, Ray A., Head, Contract and 
Services Dept. 

Jones, Robert W., Tech. Staff 

Kaplan, Maxwell H., Engrng Standards 

Kulesh, Eugene W., Assoc. Head, R & R 
Materiel 

Lewis, Albert C., Military Sales Rep. 

Mack, Robert A., Res. Engr. 

Mahaffy, Dwight A., Res. Engr. 

Maucieri, John J., Radome Dept. 

McClintock, Darwin G., Res. Engr. b 

McHugh, Walter M., Member of Tech. Staff 

Musselman, William G., Member of Tech. 
Staff 

Newman, Daniel D. 

Pegg, William J., Engrng. Coordinator 

Pieroni, Verdy J., Jr., Tech. Staff 

Preece, Raymond G., Tech., Liaison Engr. 

Rapp, Louis R., Head, Fuels and Propel- 
lants Section 

Remy, Richard T., Tech. Staff 

Roney, Robert K., Head of Dept. 

Schurr, Robert L., Branch Chief Air Force 
Quality Control 

Sears, Robert E., Asst. Head, Launchers 
and Power Plants 

Stoolman, Leo, Head, Aerodynamics Dept. 

Tocco, Anthony R., Member of Tech. Staff 


E! Segundo, Calif. 
Ackerman, Donald |., Air Force Quality 
Control Rep. 


Anderson, Elmer C., Chief (USAF) Elec- 
tronics Manufacturing 
Gilpin, Robert D., Electronic Tech. 


Holloman AFB, N. M. 4 
Rich, Edward E., Tech. Staff 
Inglewood, Calif. 
Longacre, Jesse P., Sr. Electronic Tech. — 
Los Angeles, Calif. 
Burnell, Edwin J., Head, Engr. Services 
Section 


Byron, Thomas J., AF Asst. Chief, 
Quality Control = 


Katz, Richard, Unit Engr. ~, 
Tucson, Ariz. 

Bytnar, Melvin M., Machine Operator _ 
Fabricated Parts 

Davis, J. E., Rocket Motor Technician @ 

Delamater, Edward J., Manufacturing Engr. 

Green, Charles J., Estimating Engr. 

Green, Joseph F., Process Inspector 

Hacker, George T., Proj. Test Engr. 

Krancz, Joseph A., Mechanical Eng. Des. 

Phillips, Robert F., Inspector 

Shuman, Robert M., Sr. Proj. Test Engr. 

Singer, Joel |., Precision Assembler 

Stillwell, Charles E., Electric Mech. 
Assembler 

Tannous, Philip Jr., Quality Test Planning 
Engr. 

Thompson, John A., Asst. Foreman 

Wade, Sydney L., Foreman 

Walton, Lynn H., Tech. Staff — 


HUGHES TOOL CO., 
CULVER CITY, CALIF. 
Heacock, Robert H., Engr. Design 


HUNTER-BRISTOL CORP., 
BRISTOL, PA. 
Paine, Arthur P., Mgr., Engrng. & Manu- 
facturing Div. 
‘Rubenstein, Martin A., Chief Engr. 
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HYCON MFG. CO., aa 
WASHINGTON, D. C. 
Brennan, Daniel C., Washington Rep. — 


HY-GRADE PAPER CO., 
BUFFALO, N. Y. 


Kareff, Joseph D., Office Mgr. 


HYDRAULIC & MARINE CO., 
GRAND FORKS, N. D. 
Welter, Gordon L., Vice President 


INTERNATIONAL BUSINESS MACHINES 
CORP., NEW YORK, N. Y. 


Hewitt, Harvey G., Sr. Civil Engr. 


INSTITUTE OF THE AERONAUTICAL 


SCIENCES, NEW YORK, N. Y. ee, 
Johnston, S. Paul, Director 
INTERNATIONAL AIR TRANSPORT 
ASSOCIATION, MONTREAL, CANADA 
Cooper, John Cobb, Legal Adviser “Ss 2 
INTERNATIONAL ENGINEERING CO., INC., 


SAN FRANCISCO, CALIF. 


INTERNATIONAL NICKEL CO., 
NEW YORK, N. Y. 


INC., 


Gilpin, Scott R., Field Engr. in Fal Vice P A 
Short, William P, Office of V.P. == escaeliage ice Pres. and Asst. to 
Alamogordo, N. M. 
Pierce, Geo. E., Territory Supvr. . se INTERNATIONAL NICKEL CO. OF CANADA, 
Cambridge, Mass. LTD., TORONTO, CANADA 
Rossoni, Giampiero, instructor * : Young, Kenneth B., Develop. & Res. Div. 
Cleveland, 0. INTERNATIONAL MAP CO., 
Burgeson, John W. YORK, N. Y. 
Philadelpia, Pa. Wells, William D., Vice President 
Customer Engr INTERSTATE ENGINEERING CORP 
Poughkeepsie, N. Y. EL SEGUNDO, CALIF. 
Winchester, William G., Digital Pro- Birrer, Lloyd G., Jr., Proj. Engr A 
ELGIN, ILL. LEXINGTON, KY. 
Rosenberger, Paul E., Electroplater Irvin, Leslie L., President 
INDIALANTIC HOTEL CORP., ATE CIRCUIT BREAKER CO., 


MELBOURNE, FLA. aa 
Doherty, Thomas J., President-Director 


INDUSTRIAL ROCKETS, INC., 

NO. HOLLYWOOD, CALIF. 
Emery, Earnest M., President 
Gould, Roger K., Engr. 


INGERSOLL-RAND CO., 
PAINTED POST, N. Y. 
Friant, David R., Engr. 


VARIABLE FREQUENCY 
FULLY AUTOMATIC 
MOTOR GENERATOR SETS 
ADJUST 360 TO 400 CPS. 
Generator mounted controls 
include reset buttons, limit 
switch. Motor and generator 


PRECISE 
CURRENT 


f remain stationary. Vari-drive 
or y our pulley adjustment controlled 
by small motor. Remote con- 


trol panels available. 


TESTING 
NEEDS! 


Units can be equipped with 
synchronous motor starter and 
magnetic amplifier, auto- 

matic voltage regulator. — 


KATO 400 CYCLE 
MOTOR GENERATOR SETS 
NOW UP TO 250 KWI 


KATO MOTOR GENERATOR 


SETS are available in frequencies, 


speeds and sizes for every special- INPUT 

ized use . . . operating high cycle 60 CYCLES 
tools, testing components an OUTPUT 
electronic equipment 400 CYCLES 


WRITE FOR NEW FOLDER! 


Builders of Fine Electrical Machinery Since 1928 


“4499 FIRST AVENUE, MANKATO, MINN. 


PHILADELPHIA, PA. 
Gras, Eugene G., Material Control! Engr. 


JACK & HEINTZ, 
BEDFORD, O. 
Broughton, S. A., Chief Admin. Engr. 


INC. 


JACKSON VITRIFIED CHINA CO., 
FALLS CREEK, PA. 
Allen, Harold F., Exec. Vice Pres. 
Allen, Robert W., Design Engr. 


JEWETT PRODUCTS CO., 
WOODBRIDGE, CONN. 


Jewett, Warren R., Instrumentation 


Specialist 
JOHNSEN DESIGN SERVICE, INC. 
HANOVER, N. J. a. 
Johnsen, Kenneth, Mech. Designer ai 
JOHNS-MANVILLE CORP., 
NEW YORK, N. Y. 


Hinmon, Don L., Vice Pres. & Gen. Mgr. 


CORYDON M. JOHNSON CO., 
BETHPAGE, L. | 
Johnson, Corydon M., President 
Short, Leslie B., Tech. Account Executive 
JOHNSON & JOHNSON, ey 
NEW BRUNSWICK, N. J. 


De Ford, Harold L., Chem. Engr, 
HERRICK L. JOHNSTON, INC., 
COLUMBUS, O. 

Johnston, Herrick L., President a 

KAISER METAL PRODUCTS, INC. 
BRISTOL, PA. 
Cudhea, George G., Asst. to Vice Pres. and 
General Mer. 

Ogden, Albert S., Chief Engr. 

KAMAN AIRCRAFT CORP., 


Berman, Alvin, Design Engr. xy 
Marchese, Joseph H., Sr. Electronic Engr. 
Miale, Charles V., Aerodynamicist 
Rogers, James J., Structures Designer ‘‘C”’ 
Stevens, Martin L., Chief of Prelim. Des. 


KEARFOTT CO., 
LITTLE FALLS, N. J. 
Collen, Edwin G., Proj. Engr. 
Osladil, Stanley, Proj. Engr. fs 
Clifton, N. J. 
Menes, Herman C., Unit Head aA sg 
132 


KELLETT AIRCRAFT CORP., 
WILLOW GROVE, PA. gee 
Pruyn, Richard R., Aerodynamicist 


M. W. KELLOGG CO., 
JERSEY CITY, N. J. 
Gurrera, Joseph J., Head of Rocket Product 
Engrng. Section 
Majewski, Frank T., Mgr., Rocket Div. 
Miller, K. Dexter, Jr., Head, Engrng Devel. 
Section 
Shears, Lindsey, Govt. Contract Admin. 
Taylor, John S., Mgr., Defense Prod. Sales 
New York, N. Y. 


Peterson, Howard S., Mech. Des. Group 
Wagner, John O., Asst. Mgr. 


Yachter, M., Sr. Engr. Devel. Div. orks 7 
KELSEY HAYES CO., 
DETROIT, MICH. 

Alexander, W. R., Chief Engr. 

Taylor, Leslie G., General Mgr. 

Jackson, Mich. | wa thes 


MacGregor, Ross R., Chief Aircraft Process 
Engr. 
Los Angeles, Calif. 
Hoffman, Frank E., Mgr., Western Sales & 
Engrng. 
Springfield, O 
Meredith, C. P., Steel Prod. Engrng. 


KENDRICK-BELLAMY COMPANY, 
DENVER, COLO. 
Sprague, Robert D., Mgr. 


KIDDE PRECISION TOOL CORPORATION, 
ROSELAND, N. J. 
Mollek, Joseph W., Asst. Vice Pres., Mgr. 


WALTER KIDDE & CO., INC 

BELLEVILLE, N. J. 
Belmonte, Robert M., Staff Engr. 
Hobelmann, Alfred H., Asst. Vice Pres. 
Kelly, Jack J., Asst. Mgr. Res. & Develop. 

Dept. 

Kirkup, Richard, Mech. Component Supvr. | 
Malgeri, Theodore J., Sr. Group Leader 
Masnik, Walter, Proj. Engr. | 
Mauro, Philip J., Develop. Engr. 


Orsini, Antonio, Mgr. Power Supply Devel. 
Section 
Stanton, John R., Sr. Contracts Engr. 
KIMURA BROS., 
SEATTLE, WASH. 


Kimura, Minoru, Sr. Partner 


KING BROADCASTING CO., 
SEATTLE, WASH. 
Bullitt, Dorothy S., President 


wed, 
KIRBY CO. OF SACRAMENTO, 
SACRAMENTO, CALIF. 
Hendricks, James L., Salesman oe 
KISTLER INSTRUMENT CO., 
TONAWANDA, N. Y. 
Kistler, Walter P., President 
KOLLSMAN INSTRUMENT CORP., 
ELMHURST, N. Y. aoa 
Angst, Walter, Chief Engr. eragi 
Schaeffer, Herbert, Proj. Engr. 
Syosset, N. Y. 
Sniegocki, Stanley A. 
K ERS CO., 
Martini, Joseph C., Chemist 
Baltimore, Md. 
Naylor, Thurman F., Asst. Sales Mgr. 
KUHN LOEB & CO., 
NEW YORK, N. Y. 
Guest, John S. 


LALIN CONSTRUCTION CORP., 
WOODMERE, L. I. 


Gerla, Morton, Consulting Engr. & Pres. 


> 
= 
2 
; 
j 
a 
fey 
at 
| 
a. 
2 
/ 


Shock wave around a simulated missile 


SUPERALLOYS for supersonic performance VACUUM MELTING 


provides these properties 


We develop them. And through modern vacuum melting produce them e High temperature 
to the closest possible limits of chemical control and uniformity of mechanical 
properties for use in such critical components as aircraft turbine blades, 
buckets and skin material for missiles and rockets: UDIMET 500, one of 
our well established vacuum melted alloys, combines unsurpassed 
stress-rupture life with excellent ductility and fatigue strength in the 1200°F 
to 1800°F range. At 1200°F, for example, its tensile strength is 180,000 psi 
—at 1600°F, 100,000 psi. For further information on Udimet and other 
superalloys write to Utica Metals Division, Kelsey-Hayes Co., Utica 4, N. Y. Greater creep properties 


corrosion resistance 
Increased ductility 
Extreme cleanliness 
Precise chemical control 
Longer stress-rupture life 
Increased tensile strength 
Better fatigue resistance 
Greater yield strength 

e Greater impact resistance 


KELSEY-HAYES 


Automotive, 


Aviation and Agricultural Parts e« Hand Tools for industry and Home. 


15 PLANTS: Detroit and Jackson, Michigan; Los Angeles; McKeesport, Pa.; Springfield, Ohio (Speco Division); Utica, N.Y. 


(Utica Drop Forge and Tool Division); Davenport, Ia. (Farm Implement and Wheel Division); Windsor, Ontario, Canada. 


experience 


Flight and Engine Aircraft Instruments « Air Data Computers and Electromechanical 


a 
Systems ¢ Optical Systems and Components « Test Instruments for Aeronautical and 
Industrial Laboratories « Motors and Synchros « Instruments for Simulated Flight 
nnn. Trainers ¢ Pressure Sensitive Controls for Aircraft and Guided Missiles; 


ra _ Navigation Devices: Sextants: Periscopic — Handheld — Photoelectric » Astro Trackers 
Automatic Astrocompass « Doppler Computation Systems 


kollsman INSTRUMENT 


80-08 45th AVE., ELMHURST, N. Y. ¢ GLENDALE, CALIF. ¢ SUBSIDIARY OF ibis COIL PRODUCTS CO. INC. ha 


Send for Illustrated Product List covering all Kollsman Produc 7 7 
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Monitors — Switches — Transmitters — Pickups — Cabin Pressure Regulators 
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LANDERS, FRARY & CLARK, 
WASHINGTON, D. C. 

Ten Eyck, John C., Washington Rep. 


LAVELLE AIRCRAFT CORP., 
NEWTOWN, PA. 
Herzog, Adolph, Chief Engr. 
Kiefer, Frank V., Contracts Mgr. =% 


Special 


LEACH CORP., 

LOS ANGELES, CALIF. 
Bradley, S. Leroy, 
Products Div. 

Elliott, James LeRoy, Asst. Gen. Mgr. 

Hutton, R. B., Vice President, Sales 

Julin, Kenneth F., President and General 
Mer. 

Neale, E. K., V. P. Engrng. 

White, Gene H., Sales Mgr. 


Ch. Engr., 


-EAR, INC., 
GRAND RAPIDS, MICH. 
Owen, John C., Mgr., Advanced Engrng. 
Elyria, O. 
Atkinson, Russell S., Contracts Mgr. 
Santa Monica, Calif. 
Breitwieser, Charles J., 
Mer. 
Moore, Vincent John, Field Mgr. 


Vice Pres., Gen. 


LEBANON STEEL FOUNDRY, 
LEBANON, PA. 
Platz, Edward H., Jr., Mgr., Alloy Sales 


LEEDS & NORTHRUP CO., 
PHILADELPHIA, PA. 
Gray, William T., Chief, Physical Div. 


Cc. W. LEMMERMAN, INC. 

HARTFORD, CONN. 
Kowalski, Stanley S., Chief Designer 
Lemmerman, Carl W., President a 

LEMOINE SKINNER, 

ST. LOUIS, MO. ie 
Livingston, James D., Account Executive 


LIBERTY AIRCRAFT PRODUCTS CORP., 


FARMINGDALE, N. Y. 
Hauser, George H., Exec. Vice Pres. 


LIBRASCOPE, INC., 
GLENDALE ,CALIF. 
Levy, Ezra C., Engr. 


LINDE COMPANY, 
A DIVISION OF UNION CARBIDE CORP., 
NEW YORK, N. Y. 
Knapp, George O., Asst. Mgr., Engrng. 
Murphy, John J. 
Zimmerman, John H., 
Engrng. Service 


and 


Br. Develop. 


Birmingham, Ala. 


Hoelscher, Fred W., Asst. Southern Mgar., 
Production 
Indianapolis, Ind. wi 
Sargent, Herbert B., Res. Engr. 
Smith, George H., Sr. Scientist - 
Los Angeles, Calif. 
Fallon, Clifford T., Sales Engr. ; 
Newark, N. J. wipe 


Farnsworth, Walter B., Mgr. Gas Proc. Div. 

Job, Frederick R., Jr., Proj. Engr. 

McCandless, Edward L., Mgr., Dev. Lab. 
San Francisco, Calif. 

Johnson, Lester N., Service Engr. 
Tonawanda, N. Y. 

Riede, Peter M., Gen. Proj. Engr. 


LINK AVIATION, INC. 
BINGHAMTON, N. Y. 
Warden, Harold H., Commercial Sales Mgr. 
Whitmore, John H., Sr. Res. & Develop. 
Engr. 
LION OIL CO., 


EL DORADO, ARK. 
Spillane, Leo J., Asst. Director Res. 


LITHIUM CORP. OF AMERICA, INC., 
MINNEAPOLIS, MINN. 
Fenton, Walter M., Vice President 


ARTHUR D. LITTLE, INC., 
CAMBRIDGE, MASS. 

Durant, Frederick C., Ill, Staff Member — 

Gifford, William E., Engr., Mech. Div. 

Harvell, John T., Mech. Engr. 

Manion, Kathleen M. 

Nussdorfer, Theodore J., Jr., Res. Engr. 

Sawyer, Winslow A., Engrng. Physics 

Shanley, Edward S. 

Sweeney, George C. 

ViDale, Marcello L., Operations Res. 
Los Angeles, Calif. 

Mesick, Benjamin S., Sr. Staff Engr. 
Washington, D. C. 

Jewett, C. Lincoln, Mgr. 7 
Puerto Rico 


Bolin, Richard L., Mgr. he 
TTON IN TRIES, > = ; 
LITTON INDUSTRIES, 


BEVERLY HILLS, CALIF. 
Donahue, J. Ray, Jr., Military Relations 
Ellmore, Lewis F., Engr. 

Jamieson, H. W., Vice Pres. in Charge of 
Engrng. 

Roche, R. A., Director of Research 

Singleton, H. E., Director, Guidance & 
Control 


LOCKHEED AIRCRAFT CORP., 
BURBANK, CALIF. 
Childers, Milford G., Airplane Res. and 
Develop. Engr. 
Grunert, Roland E. 
Lipp, James E., Corporate Director of 
Develop. Planning 
Michielsen, Herman F., Structures Engr. 
Satin, Alexander, Sr. Scientific Advisor 
Thomas, Charles F., Corporate Director of 
Mil. Sales 
Vigil, Juan G., Mech. Engr. 
Wassall, John B., Dir. of Engrng. 
Zwemer, Howard A., Develop. Planning 
Specialist 
Holloman AFB, N. M. 
Luyties, Henry E. G., Jr., Data Reduction 
Technician 
Tomson, Alfred G., Res. Engr., Propulsion 
Vaczula, Charles, Design Engr. 
Marietta, Ga. 
Bush, Powell D., Jr., Res. Engr. 
Edwards, Howard D., Oper. Res. Scientist 
Hord, Richard N., Design Engr.-Spec. 
Middlewood, Robert W., Chief Engr. 
Townsend, Thomas H., Aerodynamics Engr. 
Senior 
Weir, John L., Group Engr. 
Palmdale, Calif. 
Coleal, William A., Flight Test Engr. 
Palo Alto, Calif. 
Dessler, Alexander J., Sr. Scientist 
Graham, Beardsley, Res. and Develop. 
Scientist 
Greenfield, Harold H., Res. Scientist 
Lucken, Ernest G., Res. Specialist 
Naegele, Robert J., li, Staff Scientist 


Ragsac, Robert V., Res. Engr. ¥ 


San Jose, Calif. 


Fine, Aleck, Res. Scientist 
Sunnyvale, Cali. 

Ahern, Robert E., Res. Specialist 

Brogan, John J., Thermodynamicist 

Byers, Richard, Res. Engr. 

Carter, John H., Mgr., XA Weapon System 

Branch 

Dobbins, Edward B., Res. Engr. 

Doersam, Philip D., Staff Scientist 

Edwards, Samuel S., Res. Scientist 

Ellis, Bernard, Propulsion Dept. Mgr. 

Hawkins, Willis M., Asst. Gen. Mgr. 

Houle, John F., Res. Engr. 

Kindsvater, Howard M., Staff Engr. 

Kinghorn, George F., Div. Mgr. 
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Salter, Robert M., Jr., 


Lynch, James R., Sr. Buyer Supvr. 
Madden, Joseph E. 
Marmor, James, Des. Specialist 
Miller, Merton R., Res. Specialist 
Noeggerath, Wolfgang C., Section Head 
Osborne, James |I., Aerodynamics Engr. 
Root, L. Eugene, Vice Pres. & Gen. Mgr. 
Sartore, S. R., Mgr., Airborne Systems 
Stirman, Marion W., Electrical Engr. 
Taulbee, Preston L., Staff Scientist 


Tucker, Maurice, Mgr., Aero. & Thermo- 
dynamics Dept. 
Vinokur, Marcel, Res. Scientist Assoc. 


Wasel, Albert D., Res. Scientist 

Van Nuys, Calif. 

Abramoski, James W., Res. Engr. 

Bruman, Joseph R., Group Engr. 

Dann, Joseph A., Res. Engr. 

Deane, Robert A., Fluid Sys. Test Tech., 

Leadman 

Fogel, Irvin N., Accountant 
Freeman, George B., Staff Engr. 
Grossklaus, Albert A., Res. Engr. 
Hagenmaier, Carl F., 
Representative 

Jonas, Julius, Staff Engr. 

Katz, Leonard, Design Specialist 

Lynch, William L., Electronic Res. Engr. 

Mason, Lemuel M., Jr., Group Engr. 

Misenhimer, James T., Design Engr. 

Peters, Brice G. 

Reich, Herbert, Head, Reliability & 
Producibility Dept. 

Resing, William T., Fluid Dynamics Prop. 
Test Tech. 

Riedingle, Louis A., Head Stress Group 
Structures 


Military Relations 


Asst. Weapon Sys. 
Mer. 
Sherman, Harvey, Structures Eng. 
Simmers, Richard, Staff Engr. 
Swanson, Robert S., Dept. Mgr. 
Wakefield, Charles W., Military Coordinator 
Winquist, Roger D., Test Engr. 
Washington, D. C. 
Reinburg, J. Hunter, Wash. Rep., 
Engr. for Aircraft and Missiles 


Sales 


LOCKWOOD, ANDREWS & NEWMAN, : 
HOUSTON, TEXAS 

Lockwood, Robert M., Tech. Writer 
LOGAN ENGINEERING CO., 


CHICAGO, ILL. 
Logan, Stanley E., Chief Engr. 


LOWENJON LABORATORIES, INC., 


BUFFALO, N. Y. 
Nowak, John J., President 
LUKENS STEEL CO., 73 


COATESVILLE, PA. 
Hefferman, John D., Marketing Serv. Engr. 


LYNCH, HART & STOUKTON ADVERTISING 


co., ST. LOUIS, MO. 
Adams, Rose A., Prod. Mgr. 
| 


ELSIE GREGORY MACGILL, 
TORONTO, CANADA 
MacGill, E. G. 


MACHINERY SALES CO., 
LOS ANGELES, CALIF. 
Hayward, Robert P., Sales Engr. 


MAGNAFLUX CORPORATION, 
CHICAGO, ILL. 
Catlin, Franklin S., Technical Coordinator 


MAGNAVOX CO., 

FORT WAYNE, IND. 
Sullivan, Walter H., Engr. — 

MALONEY ENTERPRISES, 

PATERSON, N. J. 


Maloney, William W., Jr., President 


MANNING, MAXWELL & MOORE, INC., 
DANBURY, CONN. 
Meisenheimer, Daniel T., Dev. Engr. 
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MANUFACTURERS AIRCRAFT ASSOCIATION, 
INC., NEW YORK, N. Y. 
Clark, James M., Assist Gen. Mgr. 


MARMON PRODUCTS CO., INC., 
LOS ANGELES, CALIF. 
Deacon, William S., Missile Sales Mgr. 


MAROTTA VALVE CORP., 
BOONTON, N. J. 


T., President 
Marotta, Patrick residen 


MARQUARDT AIRCRAFT CO., 

VAN NUYS, CALIF. 

Augustyniewicz, Stanley W., Jr., Assist. 
Engr. 

Bahn, Gilbert S., Engrng. Specialist 

Barnes, William E., Staff Administrator 

Bendersky, Charles, Thermodynamics Engr. 

Brown, James E., Engr. 

Coulbert, Clifford D., Sr. Thermodynam. 

Cover, Hunter H., Jr., Dev. Engr. 

Drake, John A., Director 

French, Edward P., Sr. eae 
Engr. 

Friedman, Joseph, Chief Tech. Engr. 


Hume, James P., Supervisor 

Kux, Frank W., Application Supervisor 

Lee, Freeman G. 

Long, David E., Aerodynamics Engr. 

Lowry, Robert K., Devel. Engr. a 

Marquardt, Roy E., President a 

Marshall, George H., Flight Test Engr. 

Morris, Brooks T., Executive Engr. 

O’Brien, Charles J., Engr. 

Ostrow, Sam L., Staff Assist. to Test 
Operations Manager 

Pitkin, Edward T., Aerodynamics Engr. 

Reynolds, J. Louis, Director of Customer 

Relations Div. 

Russi, Michael J., Thermodynamics Sect. 

Supervisor 

Simkin, Donald J., 
Engr. 


Sr. Thermodynamics 


Smallberg, Merle, Proj. Engr. 


_ Unterberg, Walter, Sr. Thermodynamics 
Engr. 

Walter, Don L., Vice Pres.-Engrng. 
Wead, Robert K., Chief Application Engr. 
Wilson, Robert D., Ground Test Group 
Winter, John S., Chief Engr. 
Wood, James L., Assist. Engr. 
Zepf, Richard J., Des. and Dev. Engr. 


THE MARTIN COMPANY, 

BALTIMORE, MD. 
Amundsen, Einar K., Assoc. Engr. 
Arenberg, Sheldon |., Sr. Engr. 
Beale, Robert J., Sr. Propulsion Engr. 
Berger, Otto, Sr. Electro-Mech. Engr. 
Bibeau, Robert L., Asso. Engr. 
Bird, John W., Assoc. Simulation Engr. 
Black, Frank R., Engr. 
Bova, Benjamin W., Tech. Publications 

Engr. 

Caldwell, Donald C., Assoc. Engr. 
Cameron, Ewen K., Propulsion Engr. 
Caras, Bernard, Nuclear Engr. 
Coggins, Max H., Head of Systems Design 


Integration 
Cosner, Donald L., Group Engr. wn 
Cross, Douglas B., Engr. 


Crum, Earl M., Jr., Engr. 


Howard Ephraim M., Staff Specialist . 
Hughes, Jack R., Assist. Engr. ‘ 


Dawson, Stanley R., Group Engr, | 


De Backer, Theodore A., Nuclear Lead 
Engr. 

De Nike, John, Preliminary Des. Engr. 

Dubin, Jack, Group Engr. 

Eckenroth, Howard F., Sr., Electro-Mech. 
Engr. 

Felt, N. Elliott, Jr., Operations Mgr. 

Fero, Lester K., Systems Des. Staff Engr. 

Fitzsimmons, Robert P., Assoc. Engr. 

Fosdick, George E., Aerodynamics Group 
Engr. 

Foti, James J., Sr. Service Engr. 

Haefeli, Rudolph C., Group Engr. 


Heckenmueller, Edward G., Assoc. Engr. 


Hewitt, Marvin H., Des. Engr. 
Jensen, Jorgen, Group Engr. ies 
Kaminski, John P., Res. Engr. 


Kammeyer, Roger A., Assoc. Engr. 

Keegan, Norman R., Materials Engr. 

King, Douglas A., Sr. Aerodynamics Engr. 

Kipkin, George, Sr. Engr. 

Luboyeski, S. R. 

Markarian, Donald James, Pro. Engr. 

Miller, Gerald N., Assoc. Engr. 

Mires, Raymond Wm., Flight Controls Engr. 

Morrison, Herbert E., Electronics Standards 
Engr. 

O'Connor, William A., Jr., Sr. Pub. Engr. 

Patterson, Raymond T., Des. Engr. 

Raffel, Zanville, Des. Specialist 


Stoiko, Michael, Group Engr. ae 
Uhi, Edward G., Vice Pres. 
Wong, Bartlett, Sr. Electromechanical Engr. 


Robertson, Donald K., Des. Engr. _ 
Robinson, John M., Tech. Pub. Engr. : 
Snider, Robert L., Engr. a 
Teper, Richard |., Field Engr. 
Tuhy, Ivan E., Staff Engr. ae 
Williams, Sears, Assist. Proj. Engr. ¥. 
Wolf, John William, Sr. Armament Engr. 
Zahn, Herman S., Jr., Product Utilization 
Engr. 


Denver, Colo. 

Adams, Laurence J., Group Engr. 

Aldrich, Joseph M., Chief of Producibility 
Engrng. 

Arbuckle, Philip H., Supvr.-integration 
Req’ts 

Bachman, David H., Engr. 

Baker, Sam L., Sr. Design Engr. 

Barnocky, Joseph S., Group Support Equip. 
Engr. 

Boss, Richard H., Electronic Design Engr. 

Bruggeman, John R., Sr. Engr. 

Burridge, James L., Asst. Chief Engr. 

Cary, Robert C., Engr. 

Chick, Elwood A., Propulsion Test Engr. 

Christman, Walter L., Chief Hyd. Engr. 

Ciciera, Richard E., Engr. 

Cole, Dandridge M., Des. Engr. 

Cook, Earl H., Jr., Engr. 

Courter, Paul D., Acting Group Engr. 

Delong, Fred J., Group Engr. 

Demoret, Robert B., Assoc. Proj. Engr. 

Donnenworth, Creighton T., Power Plant 
Group Ldr. 

Evans, John J., Engr., Liaison 

Flaherty, Clifford L., Electrical Engr. 

Florman, Irving S., Pressurization Systems 
Group Head 

Frevert, Graham C. 

Freytag, Philip C., Sr. Engr. 

Frisbie, James H., Production Specialist 

Gilbert, Richard A., Sr. Specifications Engr. 

Harvey, Harold J., Group Engr. 

Hershey, Charles E., Engr. 

Hubbs, Horace N., Supervisor, Tech. Info. 

Keeley, Joseph T., Power Plant Engr. 

Kneuer, John H., Dynamics Engr. 

Kotowski, John A., Group Engr. 

Lakey, Lawrence T., Sr. Engr. 

Landy, Nelson E., Chief Specifications | 
Engr. 

Later, Dean A., Procurement Engr. ‘ 

Lays, Edward J., Sr. Engr. 

Lea, Richard C., Asst. Proj. Engr. 

MacCallum; Alan M., Staff Engr. 

Marino, Eugene H., Group Engr. 

Marks, William N., Engr. 


McCormick, Jack M., Chief Librarian 


- McDonnell, Robert H., Sr. Engr. 

_ McFarland, Robert P., Sr. Engr. 
Meehan, James J., Supvr., Test Site Lab. 
Mulkerini, James P., Assoc. Engr. 
Patterson, James C., Jr., Engr. 

Petrick, Michael A., Assoc. Engr. 

Pitkin, Marvin, Principal Operational Engr. 
Plantz, Vellar C., Sr. Engr. 

Potter, David, Sr. Employment Rep. 
Pratt, Robert M., Proj. Supvr. - 
Pro, Wilbur F., Sr. Propulsion Engr. o 
Purdy, William G., Chief Engr. 

Rhoades, Robert W., Sr. Engr. 


Ring, Elliot, Group Engr. 

Robinson, Morley, Engr. 

Robinson, Willard C., Sr. Engr. Mei 

Row, Lee W., Jr., Engr. Draftsman 

Ruckert, William Carl, Customer Relations 
Mer. 

Sullivan, Leslie J., Powerplant Engr. 

Taigman, Leonard G., Assist. Contracts 
Mer. 

Teague, Beal M., Principal Engr. 

Tegtmeyer, Ray C., Propulsion Res. Engr. 

Watson, James E., Des. Specialist 

Welch, William W., Engr. 

Williamson, Jerry L. 

Wilson, Jack L., Unit Head, Ground Sup. 
Electro. 

Wroton, Harrison C., Principal Engr. 

Youngquist, John R., Engr. 

Yuzwiak, Edgar, Sr. Engr., Head of 
Cryogenic Group 

Orlando, Fla. 


Divine, Laurence A., Sr. Service Engr. 
Kluge, Robert W., Dept. Head, Advanced 


Design 
Mittelhammer, Max, Jr. male. 
Munnell, Edward T., Proj Engr. es | 


Stark, Sidney, Chief Engr. = 
Port Canaveral, Fila. 


Burnett, Wm. E., Electronic Engr. 
Mackey, David A., Flight Test Instrument. 


Engr. 


MASSACHUSETTS GENERAL HOSPITAL, 


BOSTON, MASS. 
Brewster, William R., Jr., Res. Fellow of 
American Heart Association 


MAST DEVELOPMENT CO., INC. 
DAVENPORT, IOWA 
Gannett, Wright K., Dir. Engr. 


MATER ENGINEERING CO., 
CORVALLIS, ORE. 
Mater, Milton H., Managing Partner 


« 


MAXON INSTRUMENTS, 
LONG ISLAND CITY, N. Y. 
Tuomey, John, Supvr. Product Design 


W. L. MAXSON CORP., 
NEW YORK, N. Y. 
Bjorkman, John W., Sales Mgr. 
Csillag, Louis M., Electro-Mech. Designer 
Slaughter, Willis R., Vice President 
Spitainy, Max, Technical Writer 
Old Forge, Pa. 
Holt, Oscar E., Plant Mgr. 


MC COLLUM & MALE, INC., 
LAKEWOOD, O. 

Male, Theodore a, 
MC CONATHY, HOFFMAN & ASSOCIATES, 
INC., FORT LEE, N. J. 

Smurik, Joseph J., 
MCCORMICK SELPH ASSOCIATES, 
HOLLISTER, CALIF. 


La Haye, Frank W., Vice President 
McCormick, Donald A., President 


Design 


MCDONNELL AIRCRAFT CORP., 
ST. LOUIS, MO. oo 
Bromberg, Ben G., Chief Engr. a 
Brown, Russell E., Sr. Rep., Missiles __ 
Brulle, Robert V., Sr. Engr. , 
Dors, Joseph C., Dev. Engr. 
Figueras, Richard 
Godfrey, P. Whitson, Proj. Group Engr. 
Hill, Robert B., Design Engr. 
Kilcher, Stanley M., Aerodynamicist 
Mayes, James T., Jr., Assist Proj. Engr. 
Mazzoni, James J., Proj. Group Engr. 
McDonnell, Sanford N., Assist. Proj. Engr. 
Nance, Julian 
Osborne, David A. 
Ostroff, Harold H., Chief Propulsion Engr. 
Perkins, Kendall, Vice Pres.-Engrng. 
Petach, Alexander M., Design Engr. 
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Today one of industry’s most formidable tasks is to 
streamline and shorten the time-consuming process 
that transforms ideas into exciting new products. 

Never in man’s history has this embryonic period 
needed to be shortened more than now—when tech- 
nological superiority could very well be the world’s 
best hope for peace. 

And nowhere is this challenge being met more 
energetically than in the development and produc- 
tion of automatic control systems at AUTONETICS. 
A whole new breed of electronic and electro- 
mechanical tools and techniques is being evolved 
to shorten lead time. A notable example is Numill, 
AUTONETICS’ new tape-directed numerical machine- 
tool control system. Numill is entirely digital, and 
can convert a numerical engineering description 


cally and with consistent accuracy. 
Standardized “postage-stamp” circuits allow 
Pp 
engineers to mockup even highly advanced designs 


an AUTOMATIC CONTROLS MAN 


ideas to life faster...better...at less cost 


in this dynamic field—write: AUTONETICS, Dept. > 
AR-73, 9150 E. Imperial Hwy., Downey, California. 


into a prototype configuration—quickly, economi-— 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, 


almost as simply as they would plug in an electric 
shaver. And AUTONETICS’ data processing equip- 
ment can simulate a wide range of operational 
missions, as well as solve the most involved mathe- 
matical problems in minutes instead of days. 
AUTONETICS’ ability to save time and money 
between concept and product delivery is reflected 
in every area of its electro-mechanical technology: 
flight controls, inertial navigation, armament con- 
trols, computers, and other complete systems for 
the military and industry. 
For detailed information, or for employment 
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Schroeder, Richard L., Des. Engr. 
Schweickert, Thomas F. 
Stremmel, Robert E., Des. Engr. 
Yee, Dickman, Design Engr. 


MC CLINTOCK-TAYLOR, INC., 
LOS ANGELES, CALIF. 


Holmes, William C., Jr., 


MECCA CABLE & SERVICE CO., 
HOUSTON, TEXAS 


Nost, M. Chapman, Chief Engr. 


MELLON INSTITUTE OF INDUSTRIAL RES., 
PITTSBURGH, PA. 
Denniston, Donald W., Jr. 


MELPAR, INC., 
FALLS CHURCH, VA. 
Bell, O. K., Proj. Engr. 
Lee, Robert J., Electrical Engr. 


MENASCO MFG. CO., 
BURBANK, CALIF. 
Gerry, Julian E., Assist. Gen. Sales Mgr. 


METALS & CONTROLS CORP., 
ATTLEBORO, MASS. 
Munro, William D., Group Leader Res. 


METAL HYDRIDES, INC., 
BEVERLY, MASS. 
Banus, M. Douglas, Dir. 


Devel. Labs. 


METAL & THERMIT CORP., 
EAST CHICAGO, IND. 
Parker, Gilbert R., Chief Chemist . 
METROPOLITAN LIFE INSURANCE CO., 


NEW YORK, N. Y. 
Woolley, Stanley R., Section Supvr. 


Res. and 


THE MEYERCORD CO., 

CHICAGO, ILL. 
Akkeron, Ludwig F., Chief Chemist 
Knopf, Leonard A., Vice Pres. 
Stockburger D. J., Mgr. 

Los Angeles, Calif. Tae 
Cargill, John A., Mgr. ae 
Rodgers, Edward R., Asst. Mer, 

MIAMI SHIPBUILDING CORP., 

MIAMI, FLA. 

Kiebert, Martin V., Jr., Dir. 


Dev. 
Wright, 


of Electronic 


H. Raymond, Jr., Aerodynamicist 


MICHIGAN TECTRONICS, INC., 
ANN ARBOR, MICH. 
Dwyer, M. Alicia, Sec.-Treasurer 


Jessop, Edward Z., Pres. and Gen. Mgr. 


MIDWESTERN INSTRUMENTS, 
TULSA, OKLA. 
Holloway, Dan M., Vice President 


Laski, Edwin C., Director of Marketing 


MIDWEST RESEARCH 
KANSAS CITY, MO. 
Carpenter, Richard A., Asst. Mgr., Chem. 
Div. 


MILGO ELECTRONIC CORP., 
MIAMI, FLA. 
Miller, Monroe A., President 


INSTITUTE, 


MILLER PRODUCTS, INC, 


Casanov, L. C., President 
MILLER RESEARCH LABORATORIES, 
BALTIMORE, MD. 

Fradin, Samuel, Proj. Mgr., 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
MINNEAPOLIS, MINN. 
Durham, Charles Eastman 
Gaertner, Reinhold V., Des. Engr. 
Hatcher, John B., Res. Staff Engr. 
Kruse, Paul W., Sr. Res. Physicist 
Poston, Ernest, Asst. Proj. Engr. 


Engrng. Res. 


Pres. & Gen. Mgr. 


Beltsville, Md. 
Linard, David L., Staff Engr. in charge of 
Drafting i 
Los Angeles, Calif. eae 
te 
Flemming, Robert M., Engrng. Supvr. hea aa 
Tracy, Tom, Industry Mgr. j 


Wright, William T., Sr. Proj. Engr. 


MINNESOTA MINING & MANUFACTURING 
CO., ST. PAUL, MINN. 
Chutka, George E., Dept. Supvr. wf 


Irvington, N. J. 


Krummel, Frederick C., Chief Proj. Engr. 
MISCO PRECISION CASTING CO., 
WHITEHALL, MICH. 

Cadieux, Joseph H., Vice Pres. in charge 


of Manufacturing 
Operhall, Theodore, Pres. and Gen. Mer. 
Schwartz, Charles W., Tech. Dir. ; 
Yaker, Charles, Mgr. 


Yonker, Kenneth J., Vice President 
Detroit, Mich. 
Krueger, Frederick G., Tech. Repr. 


MISSILE PUBLICATIONS, 
LOS ANGELES, CALIF. 


INC., 


Stormel, Robert M., Gen. Mer. 
MISSILE RESEARCH MFG. CORP., Zz 
VAN NUYS, CALIF. b 
Patrichi, Mihai D., Chief Engr. a 


NORDEN-KETAY CORP., 


MODIGLIANI GLASS FIBERS, 
NEW YORK, N. Y. 


Modigliani, 


INC., 


Piero, Executive Dir. of os 


MOLONEY ELECTRIC CO., 
ST. LOUIS, MO. 
Michaels, Frank H. 
MONSANTO CHEMICAL CO., or 
EVERETT, MASS. 


Swisher, Robert D., Res. Group Leader 


MORGAN ENTERPRISES, 
NEW YORK, N. Y. 


Kent, Marc Theodore, Jr., Consultant 


MOTOROLA, INC., 
RIVERSIDE, CALIF. 


Cohan, Henry, Sr. Mech. Engr. 
Hayes, John W., Mech. Engr. 


Phoenix, Ariz. 
Roy A., Sr. El. Proj. 


Hempel, Engr. 


NAGLER HELICOPTER CO., 
GLEN COVE, L. I., N. Y. 
Liberatore, Eugene K., Engrng. Director 


NATIONAL AERONAUTICAL RESEARCH 
INSTITUTE, AMSTERDAM, HOLLAND 
Fokkinga, Gerard Y., Chief Engr. 


NATIONAL GAS TURBINES ESTABLISH- 
MENT, PYESTOCK, FARNBOROUGH, ENG. 
Curran, Edward T., Flight Lieutenant, 

Royal Air Force 


NATIONAL LEAD CO., 
NEW YORK, N. Y. 
Schutta, Francis J., 
Market Res. 


Asst. to Director of 


NATIONAL NORTHERN DIV., 
POTASH & CHEM. CORP., 
Saffer, Charles M., Jr., 


AMERICAN 


Asst. Mer. 


NATIONAL RESEARCH CORP., 
CAMBRIDGE, MASS. 
Greene, Frederick H., Jr., Director, 
Commercial Develop. Dept. 


NATIONAL RESEARCH DEVELOP. CORP., 
ATLANTA, GA. 
Adams, Carsbie C., President 


NATIONAL ROCKET CORP., 7 
CULVER CITY, CALIF. 
Edler, Henry G., President & Gen. Mer. 
Mann, George L., Thermodynamicist fi 
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YORK, N. Y. 
ENGINEERING CO., 


CORP., 


NATIONAL WATER LIFT CO., 
KALAMAZOO, MICH. 
Willis, Clifford E., Vice Pres. & Gen. Mgr. 


NEELY ENTERPRISES, 
ALBUQUERQUE, N. M. 
Davis, Earl C., Field Engr. 


NEPTUNE ELECTRONICS CO., 
NEW YORK, N. Y. 
Affias, Irving M., Chief Engr. & Co-Owner 


NEW ENGLAND INSTITUTE FOR MEDICAL 
RESEARCH, RIDGEFIELD, CONN. 
Heller, John H., Executive Director 


THE NEW YORK AIR BRAKE CO., 
NEW YORK, N. Y. 
Laird, A. Wilson, Vice President 


Watertown, N. Y. 
Vaughan, John A., Mgr. of Engrng. 
NEW YORK CENTRAL RAILROAD, 


NEW YORK, N. Y. 
Schild, Lyndel B. 


NEW YORK TELEPHONE CO., 


Giles, Cedric 


SAN GABRIEL, CALIF. 
Nichols, John F., Gen. Mgr. 
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Stamford, Conn. 
Butler, George D., Dir. of Sales 
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Schaeffer, C. F., Tech. Director 
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NORDEN RESEARCH LABORATORIES, 
YONKERS, N. Y. 


Galka, Alexander J., Mech. Designer 


LOS ANGELES, CALIF. 
Fisher, Charles E., Ordnance Engr. 
Hawes, Turner C., Asst. Chief Res. & 


Develop. Engr. 


Shiller, Larry, Chief Engr. 


Wheeler, Fred A., Ord. Engr. 
White, Donald P., Vice President 


NORTH AMERICAN AVIATION, 
LOS ANGELES, CALIF. 
Antoniades, Arthur J., Res. Engr. 
Cox, John, Engr. 
Fore, Wallace E., Plant Engr. 
Greenberg, Nathaniel F., Aeronautical Engr. 
Hetrick, James K., Design Engr. 
Johnston, Galen E., Design Engr. 
Kunz, Kenneth E., Sr. Engr. 
Peterson, Benjamin G., R&D Proj. Engr. 
Schlundt, Donald W., Design Engr. 
Sergeyevsky, Andrey B., Sr. Design Engr. 
Sorenson, Kenneth, Sr. Engr. 
Atomics International, Canoga Park, cael 
Nelson, Willard L., Res. Tech. 


Autonetics Division, Downey, Calif. 
Loop, David M., Sr. Proj. Staff Engr. 
Mizera, James J., Res. Engr. 
Roberson, Robert E., Staff Specialist 
Schmied, William F., Jr., Asst. Proj. 

Columbus, O. 

Baker, Richard D., Fire Chief 

Bell, M. W. Jack, Engr., Power Plant 
Develop. 
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Culp, Donald William 


INC., 


si 


Engr. 


+44 DeLany, Jere T., Thermodynamicist 


+4 
| 
Ag 
— q 
| 
| 
~ 


Every day at ROCKETDYNE’sS Pro- 
pulsion Field Laboratory, deep in 
California’s Santa Susana Moun- 
tains near Los Angeles, rocket engines 
developing millions of jet horse- 
power are tuned and tested for their 
ultimate job—to power America’s 
long-range missiles. 

These high-thrust engines — devel- 
oping more propulsive power than 
anything before produced—are mov- 


Powerhouse of America’s 
major missile programs 


ing on schedule from ROCKETDYNE 
for delivery to the Armed Forces. By 
fall of this year other high-thrust 
production engines will flow from 
another plant now being activated by 
RocKETDYNE in Neosho, Missouri. 

As today’s engines are being 
delivered, RoCKETDYNE engineers are 
constantly pushing ahead — evolving 
dramatic boosts in power outputs and 
engine performance. 


BUILDERS OF POWER FOR OUTER SPACE 


ROCKET Ee 


CANOGA PARK. CALIF. & NEOSHO, MO. * A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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This kind of tomorrow-minded 
engineering — conducted in a private 
enterprise system—is a keystone in 
the defense structure of the free 
world. 

As an engineer, you could find no 
more challenging and rewarding field 
than Rocketry. Write: RocKETDYNE, 
Personnel Manager, Dept. AR-72, 
6633 Canoga Avenue, Canoga Park, 
Calif. or Dept. AR-72, Neosho, Mo. 
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Eby, Karl R., Jr. Engr., Design 
Gallant, Charles J., Vice Pres. 
Greshemer, Arthur M., Sr. Engr. 
Guthrie, Charles Rex, Res. Engr. 
Hall, Donald E., Jr., Group Engr. 
Harr, Raymond W., Group Leader, Combat 

Analysis Group | 
Haswell, Davis B., Engr. 

Holtz, Tobenette, Engr. 

Johnsen, Kenneth D., Design Engr. 

Kelley, Edward H., Power Plant Project 
Engr. 

Kennedy, Edward R., Group Engr. 

Kirk, Thomas R., Flight Test Engr. 

Klembeck, Frank J., Engr., Design 

Linsk, Leo 

Mandell, Donald S., Aeordynamicist 

Martin, Mack L., Flight Test Engr. 

Myers, Donald E., Standards Engr. (Des.) 

Nabb, Kenneth N., Aero-dynamicist 

Paviosky, James E., Engr. 
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Engr. 

Smith, Kirsey O., Aero. Engr. 

Stevens, Daniel T., Prelim. Design Engr. 

Vincze, John 
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Missile Development Div., Downey, Calif. 
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Cole, Thomas E., Res. Engr. 
Cooper, Homer V., Jr., Chief, Flight Test 
De Nicola, John T., Aircraft Des. Engr. 
Donaldson, Charles W., Sr. Engr. (Design) 
Erickson, Robert W., Engr., Aerodynamics 
Ficklen, Joseph B., III, Consultant 
Frazitta, Frank M. 
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Engr. 
Hale, John N., Sr. Engr. 
Horner, John W., Prelim. Design 
Hutmacher, Eugene S., Supvr., Equipment 
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Kit, Boris, Res. Engr. 
Leisz, George W., Instrumentation Supvr. 
Liebman, Harold R., Flight Control Engr. 
Parker, William, Mgr., Weapon System 
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Rogers, Robert W., Sr. Aerodynamics Engr. 
Saxon, Herbert, Structural Engr. Stress 
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Swanson, Lyle M., Res. Engr., Radar and 
Fire Control 
Whinery, Robert O., Structures Engr. 
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New York, N. Y. 


Wiawsky, Arthur, Engr-Thermodynamics 
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Albanese, Philip, Supvr., Prelim. Design _ 
Alder, Eugene V., Engr., Design ae] 
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Andrews, John F., Res. Engr. 2 
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Arnold, Henry H. 
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Bond, William E. G., Sr. Res. Engr. 

Bournonville, Robert L., Tech.-Engrng. 
Propulsion Test Sr. Leadman 
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Develop. Section 

Broadston, James A., Mgr. Propulsion Field 
Lab. 
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Brown, Eugene F., Mgr., Contracts & 
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Buccella, Franklin J., Engr., Research 

Byron, Robert A., Engr., Research 

Cancilla, Myron A., Res. Engr. 

Carter, Edward H. 

Cartotto, Edward, Group Leader, Instru- 
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Casselman, Sidney R., Res. Engr. 

Castenholz, Paul D., Asst. Group Leader 
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Chariton, Richard J., Test Engr., Large 
Engs. 
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Clark, Roswell, Factory Mgr. 
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Costello, John R., Res. Engr., Des. & Devel. 

Coubrough, Robert J., Field Service Rep. 
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Engr. 

Cramer, Frank B., Sr. Research Engr. 

Crossland, Winford D., Chief, Facilities 
Engrng. 

Cummings, James M., Proj. Engr. 

Dallas, Anthony J., Asst. Supvr. 

Dennis, Dwight L., Engr., Research : 

Dillaway, Robert B., Supvr. a 

Dixon, Thomas F., Chief Engr. 

Dobrin, Saxe, Advanced Propulsion Sys. 

Douglas, David G., Res. Engr. 

Dunn, Chariton III, Structural Engr. (Los 
Alamos Rep.) 

Erbs, Joseph E., Res. Engr. 

Estock, John K., Jr., Res. Engr. 

Ezell, William F., Res. Engrng. Specialist 

Ferguson, Walter V., Jr., Design Engr. 

Finger, John C., Res. Engr. 

Fons, Philip Corrigan, Supvr., Engrng. Test 
Section 

Forslund, Gerald M., Jr., Res. Engr. 
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Develop. Lab. 

Fuller, Paul N., Engr. 

Gaffney, Frank J., Res. Engr. 

Garnholz, Maurice H., Rocket Res. Engr. 
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Goldman, Jack R., Field Service Rep. 

Gordon, Clarence R., Res. Engr. 
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Gutterman, Seymour, Mech. Engr. 
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Hoffman, Samuel K., Gen. Mgr. 
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Jennings, Frederick A., Supvr., Reliability 
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Jones, Paul R., Area Engr. 
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Design 
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Keeler, Raymond A., Supvr. Area #2 

Kelly, Arnold J., Res. Engr., Prelim. Des. 

Kernott, Robert P., Res. Engr. 

Knittle, Walter A., Sr. Res. Engr. 
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Kraemer, Robert S., Group Leader, Prelim. 
Design 
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Kramer, Simeon B., Design Engr. 

LaFontaine, Raymond H., Design Engr. 
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Liddle, Sidney G., Res. Engr. 
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Res. Engrng. Specialist 
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Lodge, Robert J., Asst. Chief, Eng. Test 
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Mascolo, Richard W., Res. Engr. 
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Richardson, John E., Tech. Engr. 
Riddiesbarger, Roger J., Supvr. ees 
Robinson, Kendal S., Group Leader aS 
Rodriquez, Charles J., Sr. Res. Engr. 
Rosenblum, Martin H., Res. Engr., Prelim. 
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Rothman, David, Engr., Research 
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Sitton, Louis J., Eng. Res. 

Sliwinski, Mitchell S., Sr. Res. Engr. 

Smiley, Charles J., Res. Engr. a 

Smith, Wayne M., Test Engr. 

Sobel, Louis, Res. Engr. 

Sopp, George A., Res. Engr., 
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-Soteriou, James G., Sr. Design Engr. 
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Spoehel, Edwin H., Res. Engr. 

Stagers, Ennes D., Sr. Design Engr. 
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Sutton, George P., Chief of Prelim. Design 

Suzuki, George M., Res. Engr. 

Thompson, Floyd J., Res. Engr. 

Thompson, Robert J., Jr., Group Leader of 
Propellant Chemistry 

Tietjen, Howard F., Res. Engr. 

Tombaugh, Paul L., Sr. Res. Engr. 

Tormey, John F., Chief, Res. 

Traylor, John E., Sr. Res. Engr. 

Turner, Kenneth A., Res. Engr. 

Tyler, Ralph M., Jr. Res. Engr 

Ulion, William L., Sr. Engr. 

Verba, Michael, Jr., Res. Engr. 
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Vorwerk, Vern R., Design Engr. 

Waters, Donald, Res. Analyst 
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Warren, Victor M., Test Engr. 
Webber, William T., Res. Engr. [ 
Weber, Lawrence D., Supvr., Research i 
Wessels, Lewis, Group Engr. (Supvr.) _ = 
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Williams, Richard D., Res. Develop. Engr. 
Williamson, John E., Test Engr. 
Willinski, Martin Res. Engr. 

Wilson, Andrew J., Res. Engr. 

Winer, Harold S., Design Engr. 
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Kelley, John F., Proj. Engr. 
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NORWEGIAN DEFENSE RES. ESTAB., _ 
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HAWTHORNE, CALIF. 
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Beller, Gordon M., Supvr. 

Diamond, Edward H., Engr. 
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Hamilton, Samuel E., Engr. 

Hardie, James E., Proj. Coordinator, 
SM-62 Weapon System 

Horst, Joseph R., Power Plant Group Engr. 

Jazwiec, Earl A., U.S.A.F. Quality Control 
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Lange, Norman, Engr., Fluid Dynamics 
Dept. 

Levitt, Bernard B., Supvr. Propulsion Sys. 
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Lewis, Sydney W., Design Engr. 

Mangurian, George N., Chief Analytical 
Engr. 

Methlie, Edwin W., Engr. 

Nathan, Robert L., Propulsion Systems 
Res. Engr. 

Paiss, Hal, Asst. to Chief, Missile Field 
Test 

Ripley, Herbert S., Prop. Group Engr. 

Rohrer, William G., Field Rep. 


Smalien, Harold, Sr. Engr., Metallurgical 
Section 

Smith, Eugene A., Engr., Human Engrng. & 
Equip. Design 


Smith, Verl O., Asst. to Gen. Mar. 


Pitcher, Robert R., Lead Engr. 


a Winkleblack, Farrell D., Res. Engr. ST. PAUL, MINN. 
Yaplee, Allen S., Sr. Res. Engr. Trimakas, Anthony K., Tool and Equip. 
a Yee, Theodore S. H., Staff Engr., Engr. Test Engr. 
Young, Don F., Test Engr. Instrumentation 4 
Zabel, Patrick H., Res. Engr. NORTON COMPANY, 
Zehetner, Howard, Supvr. WORCESTER, MASS. 
Zimmerman, Jack M., Res. Engr. Crompton, George, Patent Attorney 7 
Boron, Calif. ae Fre L., Sales Mgr., New Products 
ept. 
Hatalski, Michael, Res. & Develop. Tech. Roland J., Sales Engr. 
__ Kozlowski, Jerome E., Test Engr. ss Wheldon, William M., Res. Engr., Res. & 
Layne, Peter J., Inst. Mech. Electronic Pet) Les Develop. 
Nunz, Gregory J., Res. Engr. = 
Pauckert, Ronald P., Res. Engr. CHARLES G. NOSKA CO., 
Will, Francis A., Test Engr. Paste PHILADELPHIA, PA. —- 
Chatsworth, Calif. Noska, Charles G., President 
Littman, Jack, Engr. Lite 
<a G. O. NOVILLE & ASSOCIATES, INC., - 
Moore, Manuel S., Asst. Supvr. 7 ne SANTA MONICA, CALIF. 
Edwards AFB, Calif. ‘ei Aaron, Robert H., Vice Pres., Engr. 
Rosenthal, Walter L., Test Engr 
NOZAKI ASSOCIATES, INC., ds, msm 
Huntsville, Ala. NEW YORK, N. Y. ‘ti ¥ 
Aldred, Alfred H., Test Engr. esa Maruyama, Genichi, Chief, Aircraft Section 
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Horne, Harry B., Jr., Asst. to Tech. 
Gruber, Alan R., Mgr., 


ODIN ASSOCIATES, 

PASADENA, CALIF. 
Michelson, Irving, President ah 
OERLIKON TOOL & ARMS CORP. OF aid 

AMERICA, ASHEVILLE, N. C. 


Brandenberger, Ernst Max, Tech. Manager 
Bottari, Arnold, Process Engr. 


OLIN MATHIESON CHEMICAL CORP., 
NEW YORK, N. Y. 


McLain, Joseph H., Consultant 
Baltimore, Md. 


Bray, Everett E., Sales Dev. 
Fusco, Victor C., Product Mgr. 


Hill, Bruce E., Group Leader, Market Dev. 
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Theobald, O. J., Jr., Asst. Mgr., Field Sales 


Vincent, George P., Dir. of Govt. Services 


East Alton, Ill. 
Ambrosius, Edward Dick, Proj. Engr. 
Bardolph, Marinus P., Res. Chemist 
Barr, C. James, Assist. Dir. of Res. & Dev. 
Cook, Ralph L., Assoc. Dir. of Res. 


Drexelius, Victor W., Industrial Cartridge 
Dev. Supvr. 

O'Neill, John J., Jr., Assist. Gen. Mgr., 

Reinhardt, Charlies M., Head, Pre-Engrng. 
Branch 


Rippe, Robert S., Customer Relations 
Roemer, Theodore J., Proj. Mgr. 
Thomas, Norman W., Ballistic Test Engr. 
Weisbrod, Harold R., Proj. Engr. 


Hannibal, O. 


Riggs, Nikola M. 
New Haven, Conn. 
D’Amato, Dominic A., Proj. Engr. 
Lowry, Edward D., Chief, Physics Lab. 
Niagara Falls, N. Y. 
Bramann, George M., Advance Planning 
Clark, Charles C., Mgr. Univ. Res. 
Griffin, Donald N., Assoc. Dir., Liquid Pro- 
pellant Application Res. 
Herndon, L. Kermit, Vice President 
Turner, Charles F., Mgr., Liquid Propellant 
Application Res. 
Pasadena, Calif. 
Cunningham, George M., Dist. Sales Mgr. 
Industrial Chemicals Div. 
Washington, D. C. 
Guttmann, Karl Hans, Nuclear Advisor to 
Executive Vice President 
Haas, J. Donald, Washington Rep. 
Sosnoski, Harry A., Vice Presidient 


PAUL OMOHUNDRO CO., 
PARAMOUNT, CALIF. 


Omohundro, Paul, President 


ORDNANCE RESEARCH & DEV. CO., 
NO. HOLLYWOOD, CALIF. 


Beard, Robert W., Engrng. Assoc. 


ORENDA ENGINES, LIMITED, rh 
TORONTO, CANADA 
Anderson, George E., Chief Tech. Ener. 
Dunthorne, Dunc H. B., Chief Materials 
Engr. 
Grinyer, Charles A., Vice President 
Morrison, Donald E., Chief Combustion 
Engr. 
Thue, Kenneth S., Chief Aerodynam. Engr. 


ORRADIO INDUSTRIES, 
OPELIKA, ALA. 


Moore, Thomas O., Chief Electronic Engr. 


INC., 


THE OVERLAND CORP., 
TOLEDO, CALIF. 


Canady, Ward M., President 
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OXO EQUIPMENT CO., 

NEW LENOX, ILL. 
Matasovic, John L., President ve 


PACIFIC AUTOMATION PRODUCTS, INC., 
GLENDALE, CALIF. 
Benafel, Robert C., Proj. Engr. 
Jacob, Arthur P., Executive Vice Pres. & 


Gen. Mgr. 
Jameson, Frank Gard, President 
Rothbart, Michael, Plant Mer. 


THE PACIFIC TEL. & TEL. CO., 
WALLA, WALLA, WASH. 
Rice, Tom R., Transmission Man 


PAGE COMMUNICATIONS ENGINEERS, 


WASHINGTON, D. C. 
Bailey, D. K., Scientific Dir. _-_ 
Page, Esterly C., President Pe 
Page, Virginia Erwin, Engr. ee 
PAN AMERICAN WORLD AIRWAYS, INC. 
NEW YORK, N. Y. 
Gledhill, Franklin, Vice Pres. 
Pryor, Samuel F., Vice Pres. and Assist. to 
President 
Richards, Muriel M. 
Trippe, Juan T., President 
Long Island City, N. Y. 
Brock, Horace 
Patrick Air Force Base, Fla. 
Allen, Theodore H., Jr., Supvr. of Fuels 
Storage and Transfer 
Blodgett, Charles L., Ch. Eng. 
Ellis, Charles L., Deputy Div. Mgr.-Tech. 
Felzenberg, Albert, Electronic Engr 
Mitchell, Richard S., Vice President 
Mitchell, William P., Supt. Range Services 
Penny, Harry R., Proj. Coordinator 
Werry, Frederick Charles Jr., Megr., 
Facilities Engrng. 
Yordy, Richard L., Base Mgr. 


THE PAQUIN CO., 
CLEVELAND, O. 
Ferren, Richard O., Sales Engr. 


PARKER AIRCRAFT COMPANY, = = 
LOS ANGELES, CALIF. — 
McGinty, Walter F., Sales Engr. 2 


THE RALPH M. PARSONS CO., 
LOS ANGELES, CALIF. 
Brandt, Chester W., Mgr., Architect Engr. 
Div. 
Denlinger, Herbert H., Proj. Dev. Engr. 
Parsons, W. M. 
Wendt, Carl J., Jr., Process Engr. 
Pasadena, Calif. 
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In systems engineering work, it is necessary to bring together 
a team that includes scientists and engineers of a wide range of 
technical specialties. In major weapons-systems projects, such 
teams will include hundreds of scientists and engineers. 

But the assembly of a large group of scientists and engineers, 
no matter how capable they may be individually, does not of 
itself ensure good systems-engineering performance. The caliber 
of the project management has a major effect upon its tech- 
nical accomplishment. It is not easy to coordinate the activities 
of large numbers of scientists and engineers so as not to stifle 
their creativeness on the one hand, nor to permit the various 
development sub-efforts to head toward mutually incompatible 
objectives on the other. 

Of primary importance for good systems management is the 
philosophy underlying the selection of the supervisory person- 
nel. The head of a technical activity should, first of all, be a 
competent scientist or engineer. A common mistake — nearly 
always fatal in systems work — is to fill such positions by non- 
technical men who have been trained only in management 
techniques. In the highly complex activities of major systems 
work, what is required is technical management, and of the two 
words, the word technical must never be overlooked. 

In the selection of scientists and engineers for technical man- 
agement, it is essential that the men chosen be broad in their 
training and approach. Each principal department head, for 
example, must have a good basic understanding of the technical 
facts of life of the other departments. When these people get 


together they need to speak a common language and understand 
each other’s fields, so that proper decisions can be made on the 
many interrelated problems that come up. The higher the or- 
ganizational responsibility of a technical manager, the more 
important this factor becomes. 

The Ramo-Wooldridge Corporation is engaged almost entirely 
in systems work. Because of this, the company has assigned to 
scientists and engineers more dominant roles in the management 
and control of the business than is customary or necessary in 
most industrial organizations. 


Scientists and engineers who are experienced in systems engi- 
neering work, or who have specialized in certain technical fields 
but have a broad interest in the interactions between their own 
specialties and other fields, are invited to explore openings at 
The Ramo-Wooldridge Corporation in: 


Guided Missile Research and Development 
_ Aerodynamics and Propulsion Systems ibe 
‘ 
~Communications Systems 
_ Automation and Data Processing 
‘- Digital Computers and Control Systems 
_ Airborne Electronic and Control Systems 
Basic Electronic and Aeronautical Research 


The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE ST. * LOS ANGELES 48, CALIF. 
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_ Atomic Radiation for Rocket Testing 


by Alfred Cohen 


; Assistant Project Engineer in the Instrumentation 

_ Section of the RMI Test Department, Mr. Cohen is 
7 3 investigating new concepts for acquiring, reducing and 
evaluating test data. After graduating in mechanical 
engineering from City College of New York, he worked 
as a civilian test engineer for the Navy. Mr. Cohen came 
to Reaction Motors in 1954 as a Test Department 
Instrumentation Engineer. 


Although the rocket engine in theory is, an extremely simple power- 
d plant, its development is a highly critical art. Successful operation of an 
engine depends upon the solution of many unique problems and the ac- 
_ curate measurement of unusual variables. One of the problems we en- 
- countered at RMI was the measurement of the corrosive effects of a new 
_ high energy rocket propellant, a problem we solved through the use of 
atomic radiation. 
In determining the corrosive effects of propellants, it is essential that 
_ the sensing element employed does not come into direct contact with the 
propellant being tested. The propellant would rapidly damage or destroy 
most measuring equipment. In addition, the tolerance of the tests does 
not permit additional contamination from other foreign bodies. 

We approached the problem on the basis that the density variation 
of the propellant could be the measure of its degree of corrosion upon the 
component materials with which it had been in contact . . . and the denser 

_ the material being tested, the less radiation would pass through it. We 
decided, therefore, to use the penetrating power of radiation as the tool 
to measure density variation. 

To conduct the tests, a radioactive source and a detector for radiation 

_ were located so that the propellant being measured lay in a container 
_ between the two. The radioactive source emits gamma rays which 
penetrate through the propellant and its container. That part of the 
"detector. that gets through the propellant and its container strikes the 

de r. 
The detector contains a filling gas which is forcibly ionized when 


bombarded by atomic radiation. The energy of ionization is converted 


directly into electrical energy. Thus, an increase in the density of the 
propellant reduces the radiation field intensity at the detector, and results 
In a decreased generated signal. 

a However, accurate measurement of this energy is difficult because the 
generated signal is very low (in the magnitude of 1 x 10-13 amperes). To 
overcome this, an instrumentation system was specially developed to 
transmit, amplify and record this data. 

i The signal is transmitted to the amplifier by a special shielded cable 
that eliminates the effects of noise and other disturbances. Data is recorded 
_ by a Null system of measurement, using a ten-inch strip chart recorder. 
‘The recorder is calibrated to give full deflection for a density change 

- equivalent to one tenth of a pound per cubic foot. 
oe As a result of the data acquired by this test program, the research 

_ scientists have been able to improve the propellants to a point where they 

- are both safe and highy desirable for use as rocket fuels. 

: This project is typical of one of the ways in which RMI Test Depart- 

_ment supports the applied research, development and production projects 

_ associated with advanced rocket powerplants. All projects pass through 
this department, from the evaluation of components and fuels to the 
static “hot testing’”’ of the entire engine system for an aircraft or missile 
before delivery. 

The Test Department is staffed by a team of specialists highly qualified 
in mechanics, electronics, chemistry, and instrumentation. This team is 
constantly working to provide the most accurate possible test results and 
also to develop new equipment and methods that will allow for even more 
accurate information in the future. And—because this team is constantly 
expanding—we are always anxious to talk with top-rated engineers and 
technicians who are interested in test work. as 
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If you desire one or more reprints of Mr. 
Power for Progress 


Cohen’s article, or would like to receive fur- 
ther information about employment at RMI, 
write to our Information Services Coordi- 
nator. Reaction Motors, Inc., 23 Ford Road, 
Denville, N. J. 
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ROCKET POWER PROGRESS REPORT 


Taming Rocket Powerplants 
by Walter O. Borcherdt 


In charge of the Engineering Development Laboratory as 
well as the Valves and Controls Section at RMI, Mr. 
Borcherdt has over a decade of rocket experience. Before 
coming to RMI in 1951, he was senior project engineer on 
controls in the rocket department of Curtiss-Wright Corpo- 
ration. Mr. Borcherdt received his degree in mechanical 
engineering from Stevens Institute of Technology in 1938. 


(a 


Reliability of a rocket powerplant is the direct result of the simul- 
taneously correct operation of all of its elements. Generally, this is assured 
by overcoming each element’s own peculiar development problems. Among 
these elements is one type which has the interesting property of being 
composed of specific components, yet whose operational characteristics are 
significant only in the performance of the entire powerplant system. This 
element is the control system. 

Present powerplant controls requirements are based on these straight- 
forward, simple considerations: 

_ 1. Prepare the powerplant for firing 


_ 2. Sequence and control the system to rated thrust = tf 


3. Vary thrust rapidly and safely as required 
4. Shut down smoothly 


Step one may require the use of gas pressure regulators and relief 
valves to push the propellants safely from tankage to pumps. There must 
be switches and relays to indicate or control the valves which admit pro- 
pellants to the gas generators and combustion chambers, and time delay 
cutouts to insure against unsafe accumulation of propellants. 

In step two, ignition and combustion may be monitored to insure 
correct use of the high energy release rates. Turbines may be safely brought 
up to speed by throttling the propellants. Safety devices may be added to 
limit over-speed and avoid the danger of structural failure. 

In step three, a controller (it may be hydraulic, electric, pneumatic, 
or a combination) is used to vary thrust. Here multiple loop servo systems 
are sometimes used to insure that thrust change rates, turbine speeds, 
vehicle acceleration or terminal velocity, and other parameters vary in a 
coordinated manner. 

Finally, in multiple stage powerplants or piloted vehicles, the rocket 
engine must be shut down safely and the system automatically purged 
of propellant accumulations. 

The successful implementation of these four steps involves the applica- 
tion of many devices of unique characteristics whose individual selection 
is intimately tied to the following question: 

‘‘What is the actual control system problem to be solved ?”’ 

Once this question is clearly and consistently defined, a tight per- 
formance envelope results. This makes the few possible solutions fairly 
obvious. The final stage is to apply the knowledge of a team of control 
specialists and proceed through the usual component development stages. 
At RMI, this team of specialists in controls engineering is made up of 
highly qualified mechanical, electrical and chemical engineers. These pro- 
fessional men have wide experience in the creation of control units and 
systems for rocket powerplants as well as other types of propulsion systems. 

owever, there is a continuing need for qualified graduate engineers, able 
to participate in working closely with other groups of specialists, integrat- 
ing the control system into the overall engine performance envelope. 

The systems approach is of extreme importance to successful rocket 
powerplant control efforts. It is a standard approach of the RMI Controls 
Section. Sequence system design, switching circuit analysis, human engi- 
neering, feedback control methods, statistical procedures, information 
theory and latest research data on fluid flow control are among the tech- 
niques used. They are applied along with practical design concepts which 
result in the development of simple but effective controls systems. 


Power for Progress 


If you desire one or more reprints of Mr. Borcherdt’s 
article, or would like to receive further information 
about employment at RMI, write to our Informa- 
tion Services Coordinator. Reaction Motors, Inc., 
23 Ford Road, Denville, New Jersey. 
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Mfgng. Control, 


Mer. 
McGuckin, Malcolm M., Mgr., Engng. 
Services 
Root, Robert E., Dir. of Marketing, 


Snelling, Ken E., Cust. Relations Dir. 
Templin, Robert A., Proj. Analyst _ 
Titley, John H., Mgr. Contract Adm. _ cia 
Wood, Norman E., Res. Engr 


M. H. RHODES CO., INC., 


HARTFORD, CONN. 
Supina, Leo E., Consultant Physicist 


Bass, Robert W., Staff Scientist => 
RICHARD & GUNTHER, INC., ey “0 
NEW YORK, N. Y. » Sunt 
Nistal, Gerard E., Tech. Dir. & Account 
Service Mgr. 
RIDDLE AIRLINES, 
MIAMI, FLA. 
jockoven, Arthur G., Tech su 
ROBBINS AVIATION, 
LOS ANGELES, CALIF. 
Mabery, H. N., Chief Engr. a evened 


FRED T. ROBERTS & CO., 
RIDGEFIELD, CONN. 


Robbins, Hugh C., Director cater 


Roberts, Robert E., Vice President 


ROBERTSHAW FULTON CONTROLS CO., 
ANAHEIM, CALIF. 


LAURANCE S. ROCKEFELLER, 
NEW YORK, N. Y. 


-_ 


Heller, Raymond H., Mgr. Field Engrng. & 
Sales 

Wehrli, Robert L., Vice Pres., Gen. Mgr., 
Aeronautical Div. 


Rockefeller, Laurance S. 

Walkowicz, T. F., Tech. Advisor 

Woodward, Harper, Aviation Adviser to 
Laurance S. Rockefeller 


ROCKET RESEARCH AND ENGINEERING CO., 
SYDNEY, AUSTRALIA 


ROCKFORD 
ROCKFORD, ILL. 


Thomas, George Harold, Proprietor bitte sy 
METAL PRODUCTS, INC., 


Johnson, Frederick M., President 


ROCKY MOUNTAIN NEWS, 
DENVER, COLO. 

Still, C. Henry, City Editor medic, 
ROCKY MOUNTAIN RESEARCH, INC., 


DENVER, COLO. 


Van Dersari, Edward F., President rt 


C. F. RUSSELL CO., INC., 


ALBUQUERQUE, 


ROHM & HAAS CO., 

HUNTSVILLE, ALA. 
McGill, Howard L., Projects Coordinator 
Shuey, Henry M., Head, Ballistics Section 


ROHR AIRCRAFT CORP., 

CHULA VISTA, CALIF. 
Achuff, Frank W., Tool Designer 
Kamholtz, Stanley, Liaison Engr. 
Mouritzen, Gunnar, Res. Eng. 


» 

McCreery, Frank E., Vice President 
F 


ROLLS-ROYCE LTD., ROCKET DIV., 
DERBY, ENGLAND 
Arnold, Arthur K. 
Binns, Philip G. 
Bragg, Stephen L., Performance Engr. 
Cleaver, Arthur V., Assist Chief Engr. 
Northedge, Ronald, Sr. Inst. Engr. 


RONAN & KUNZL, 
MARSHALL, MICH. 
Eichstaedt, Herbert A., LOX Sales Engr. 


INC., 


ROTOR-CRAFT CORP., 
GLENDALE, CALIF. 
Shannon, Floyd A., Assist. to ounce 


ROYAL DUTCH AIRLINES, > 
AMSTERDAM, HOLLAND 
Van Hoek, F. H. C., Captain © fa 


ROYAL JET, INC., 
ALHAMBRA, CALIF. 
Strickland, J. D., Assist. to the Pres. 


BAY SHORE, N. Y. 
Russell, Charles F., President 


RYAN AERONAUTICAL CO., 
SAN DIEGO, CALIF. 


Bates, Curtis L., Assist. Chief Engr. 

Baxter, John W., Res. Grp. Engr. 

Breder, Sam C., Dir., Customer Service 
Metal Products 

Clothier, Jack D., Preliminary Des. Engr. 

Fink, Frank W., Vice Pres. & Chief Engr. 

Gibson, Robert L., Liaison Draftsman 

Henderson, Donald R., Res. Lab. Analyst 

Hite, Walter A., Chief Missile Projects Sect. 

Kemmer, Paul H., Exec. Advisor to V. P. 
-Engrng. & Military Relations 

Larson, Kenneth L., Tech. Artist 

Limbach, Laurence M., Vice Pres. 


Mullen, Edward A., Loftsman 

Wigers, Allan B., Electrical Engr. 
‘4 


Edwards, Calif. 


McLarin, Maitland, Flight Test a 


SAAB AIRCRAFT CO., 
STOCKHOLM, SWEDEN 
Ove Bertil, 


N. M. 
Dieruf, Burton E., Staff Member, Div. 1225 
Drake, Kenneth W., Staff Member, Test 
Division 

Jones, Milton O., Section Supvr., Test Grp. 


Platell, Engr. 


SARGENT ENGINEERING CORP., 
HUNTINGTON PARK, CALIF. 


Butterbaugh, Galen, Proj. Engr., Engrng. 
Dept. 

R. L. SCHEINMAN & CO., 
NEW YORK, N. Y. 
Scheinman, Robert L. 

SCHREIBER BROS, “ast 
BEAUMONT, TEX. 
Schreiber, Charles B., Owner coe | 
SCIENTIFIC DESIGN CO., 
NEW YORK, N. Y. 


Brown, David, Asst. Vice Pres. 
Charnoff, Lorraine S., Chemist 


SCIENTIFIC FABRICATING CO., 
DENVER, COLO. 
McCabe, Hugh V., Vice President 


148 


SCOTT AVIATION CORP., 
LANCASTER, N. Y. aa? 
Malick, Kenneth L., dann Sales Mer. 


SEABOARD & WESTERN AIRLINES, 
NEW YORK, N. Y. 
Jorgensen, Walter T., 
Section 


Flight Engr., Oper. 


SEAMLESS PRODUCTS CO., 
NEW YORK, N. Y. 


Polikoff, Rouvime B., Vice President 


SELAS CORP. OF AMERICA, 
DRESHER, PA. 


Beatrice, Joseph V., Lab. Applic. Engr. 


SERVOMECHANISMS, INC., 

HAWTHORNE, CALIF. 
De Bottari, Louis, Proj. Engr. 
Friedman, George J., Staff Engr. 
Hansen, Harcid S., Staff Engr., 

Components Group 
Zoike, Helmut M., Staff Specialist, Engrng. 
Dept. 


W. S. SHAMBAN & CO., 
CULVER CITY, CALIF. 
Shamban, Wm. S., Gen. Mgr., Admin. Dept. 


SHELL CHEMICAL CORP., 
NEW YORK, N. Y. 
Houston, Colin Alexander, Sr. Technologist, 
Market Develop. Dept. 


Washington, D. C. 
Read, Barclay K., Special Rep. van 
SHELL DEVELOPMENT CO., 
EMERYVILLE, CALIF. 
Bell, Robert P., Mathematician 
Sorem, Stanley S., Res. Supvr., Fuels & 
Eng. Lubricants Dept. ay? 
SHELL OIL CO., 
WOOD RIVER, ILL. 


Dick, George H., Res. Engr. 
Greenshields, Robert J., Dir. of Research 


H. A. SHIFFER ASSOCIATES, INC., 
LOS ANGELES, CALIF. 
Shiffer, Harvey A., President 


SIMMONDS AEROCESSORIES, 
TARRYTOWN, N. Y. 
Enyart, William R., President 
Fishman, Bernard, Proj. Engr. 


INC., 


SINCLAIR OIL & GAS CO., 
Barry, William V., Petroleum Engr. 
SKC RESEARCH ASSOCIATES, 
PATERSON, N. J. 
Shaw, John D., President 


SMITH, BARNEY & CO., 

NEW YORK, N. Y. 
Harding, Wm. Barclay, Partner 
Titus, Richard H., Security Analyst _ 


A. O. SMITH CORP., 
NEW YORK, N. Y. 


Moskovics, Frederick E., Industrial Consul. 


SMITHSONIAN ASTROPHYSICAL LAB., 
CAMBRIDGE, MASS. 
Schilling, Gerhard F., Executive Assist. to 
the Director 


SOCIEDADE INTERPLANETARIA BRASILEIRA, 
SAO PAULO, BRAZIL 
Bevilacqua, Luiz de Gonzaga, Honorary 
Pres. ’ 


SOCIETA ITALIANA SVILUPPO 
PROPULSIONE A REAZIONE, 
ROME, ITALY 

Bodewardt, Uwe T., Tech. Consultant 


SOCIETE AIR LIQUIDE, 
PARIS, FRANCE 


Jean, 


Delorme, Pres. 


’ 
= 
| 
| 
. 
4 
» 
| 


SOCONY MOBIL OIL CO., INC., 
NEW YORK, N. Y. 

Mount, Wilbur S. 
Paulsboro, N. J. 

Albright, Ralph E., Res. & Dev. Dept. 


SOLAR AIRCRAFT CO., 
SAN DIEGO, CALIF. 
Black, Alexander, Vice Pres., Sales 
Cremer, George D., Sr. Staff Engr. and 
Supvr., Powder Metallurgy Dept. 
Day, Robert E., Chief Project Engr. 
Hagen, Roger W., Analytical Engr.-Combus. 
Oberg, Cyril D., Mgr., Aircraft & Engine 
Component Sales 
Palmtag, Herbert M., Product Mgr., Missile 


Sales 


Roth, Ludwig, Executive Asst. 
SOUCY SCIENTIFIC RESEARCH, ive 
MONTREAL, CANADA 

Soucy, William A., Owner-Consultant 
SOUTHERN DAIRIES, INC., 
WASHINGTON, D. C. 

Giles, William E., Steam & Refrig. Engr. 


SOUTHERN NEW ENGLAND TELEPHONE 
CcO., NEW HAVEN, CONN. 


SOUTHWESTERN ENGINEERING & EQUIP- 
MENT CO., DALLAS, TEX. 
Harmon, Fred, Vice President 


SOUTHWESTERN VALVE CORP., 
SANTA ANA, CALIF. 
Halavais, Richard A., Designer, Engrng. 


Schaller, Robert L., President 
SPEER CARBON CO., 
ST. MARY’S, PA. 

Harvey, Ives L., Service Engr. 


SPERRY GYROSCOPE CO., DIVISION 
OF SPERRY RAND CORP., GREAT NECK, N.Y. 
Barrow, Wilmer L., Vice Pres. for Res. & 
Develop. 
Chaplin, Leo J. 
Goldberg, Leon 
Hagler, Louis H., Engr. 
Halperin, Herbert H., Sales Engr. 
Halpert, Percy, Chief Engr. 
Harris, Herbert, Chief Engr., Air Armament 
Division 
Lockwood, Myron D., Mgr., Surface Arma- 
ment Division 
Mieher,, Walter W., Asst. Chief Engr. 
Sammis, Edward A., Sr. Engr. 
Wheeler, James W., Director, Instrument 
Engrng. 


STANDARD OIL CO., 
CLEVELAND, O. 
Krause, Warren H., Process Engr. 


STANDARD OIL CO. (INDIANA), 
WHITING, IND. 
Kennedy, Don E., Tech. Assoc., Res. Dept. 


STANDARD RAILWAY EQUIP. MFG. CO., 
CHICAGO, ILL. 


Fraenkel, Stephen J., Director of Res. & 
Develop. 
STANFORD RESEARCH INSTITUTE, 7 


MENLO PARK, CALIF. 
Ablow, Clarence M., Mathematician, 
Engrng. Dept. 
Arnold, James S., Physicist 
_ Casler, William A., Mgr. of Admin. Service 
Cook, Charles J., Physicist 
Erickson, Floyd W., Oper. Res. Analyst 
_ Evans, Marjorie W., Sr. Physicist 
Fishman, Norman, Assoc. Chem. Engr. 
Hiester, Nevin K., Mgr., Chem. Engrng. 
Section 
Hollister, Myron P. 
Mablis, Howard W. 
Miller, James A., Engr. 
Poppoff, Ilia G., Sr. Physicist 
Templeton, Thomas H., Coordinator of 
Services and Security 


Perkins, Lincoln C., Asst. Stations Engr. 
SOUTHWEST PRODUCTS CO., 
MONROVIA, CALIF. 

Hackman, K. V., Pres. & Gen. Mer. 

Lottie, Robert W., Field Service Engr. _ 

Moore, Gordon E., Field Engr. 


SOUTHWEST RESEARCH INSTITUTE, 

SAN ANTONIO, TEX. 
Carlton, Clarence H., Assoc. Chem. Engr. 
Moffitt, John V., Proj. Engr. 
Warren, Francis A., Propellant Techn. 


New York, N. Y. 
Spiegler, Stuart D. 


Sperry Utah Engineering 
Salt Lake City, Utah 
Hylton, J. Carl, Engr. 
Sunnyvale Development 
Sunnyvale, Calif. 
Petersen, Norman V., 
ment Systems Dept. 


Sperry Farragut Co., Bristol, Tenn. 
Rhodes, James H., Assoc. (Product Engrng) 


Wiggins, Ernest J., Asst. to Mgr. 

Witherly, T. Dexter, Mechanical Engr. 
South Pasadena, Calif. 

Ellis, Allen R., Lab. Mgr., Engrng. 


Laboratory, STAUFFER CHEMICAL CO., 
WASHINGTON, D. C. 
Terlizzi, Paul M., Representative 
Center, STEARNS ROGER MFG. CO., 
DENVER, COLO. 
Res. Engr., Arma- Hahn, George C., Proj. Engr. 


Hough, Orville Louis, Proj. Mgr. 


MONOBALL” 


Self-Aligning Bearings 


CHARACTERIST.,CS 


ANALYSIS RECOMMENDED USE 


Stainless Steel For types operating under high tem- 
Ball and Race perature (800-1200 degrees F.). 
Chrome Alloy For types operating under high radial 


2 


ultimate loads (300-893,000 Ibs.). 
Bronze Race and For types operating under normal loads 
Chrome Steel Ball with minimum friction requirements. 
Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
siinilar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. Dept. ARS-57 


SOUTHWEST PRODUCTS CO. 


Steel Ball and Race 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


Compression & Tension Type 
Aircraft cable is strung with spherical steel 
shells in a rigid or flexible housing sealed 
s with “O” rings. 3” standard bend radius. 
%” minimum bend radius. 


Three Types: 
1. Light Duty—Compression Ult. Load 1250 
Ibs.; Ult. tension 960 Ibs. 
2. Heavy Duty—Compression Ult. Load 1650 
Ibs.; Ult. tension 960 Ibs. 


3. Extra Heavy Duty—Compression Ult. Load 
3050 Ibs.; Ult. tension 3900 Ibs. 


Positive remote controls for actuating mechanical, hydraulic 
or other devices. Eliminate bell cranks, pulleys and dual 
cables. Patented U.S. A. All world rights reserved. Send 
for ENGINEERING MANUAL giving detailed prints and 
complete specifications covering materials, finishes, capa- 
cities. Please address Dept. ARS-57 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


— 
4 
4 
t, 
— 
& 
| | 
ROD EN: 
END 
PLAIN TYPES TYPES 
4 
INT. 
PATENTED U.S.A. 
AN World Rights 
a 
4 
" 
ul. 
to 
tA, 
ust 


ARNOLD H. STEPHENS CO., 
LOS ANGELES, CALIF. 
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SYLVANIA ELECTRIC PRODUCTS, INC., 
MOUNTAIN VIEW, CALIF. 
Goldsborough, Robert R., Jr., Proj. Head 
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Thomas, Joseph A., Pres. & Gen. Mgr. 
Updegraff, Mervin J., Supvr., Art Dept. 
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TEMCO AIRCRAFT CORP., 

DALLAS, TEX. 
Bender, William H., Tech. Specialist 
Coonrod, William C., Engr. 
Ehrhardt, Leo L., Jr., Thermo. Engr. 
Freeman, William B., Tech. Dir. 
Jacobs, Frank Jr., Engr. Supvr. 
Jones, Robert F., Engr. 
Lennon, C. Everett, Asst. Proj. Engr. 
Locke, Graydon R., Sr. Des. Engr. 
Marlin, Paul L., Lead Des. Engr. 
Marx, Howard F., Head, Operations Anal. 
Nelson, Louis D., Group Engr. 
Palley, |. Nevin, Vice Pres. 
Pearson, Chas. Robt., Sr. Engr. 
Rioux, Richard, Lead Des. Engr. 
Robinson, Byron O., Assist. Proj. Engr. 
Rutschman, Charles L., Thermody. Engr. 
Williamson, Robert H., Lead Des. 


THE TEXAS COMPANY, 
NEW YORK, N. Y. 7 
Kemp, Lebbeus C., Jr., Gen. Mgr., 
Petrochemical Dept. 
Beacon, N. Y. 
Kuhn, Wayne E., Gen. Mgr., Res. & Tech. 
Dept. 


Westville, N. J. 
Brown, William H., Lab. Tester | 
TEXAS INSTRUMENTS, INC., 
DALLAS, TEX. 
Wissemann, Hilmer J., Assist. Vice-Pres., 


Apparatus Div. 


TEXAS METAL & MANUFACTURING CO., INC. 
DALLAS, TEX. 


Bell, Carroll L., Proj. Engr. 
Kershaw, George C., Vice Pres. 
McGee, Henry I., Pres. 
Sindelar, E. C., Proj. Engr. 7 


Smith, Robert J., Jr., Dir. of Engrng. Sales 


TEXAS TELECASTING, INC., 
LUBBOCK, TEX. 
Spoonts, Herbert B., Tech. Dir. 


TEXTRON, INC., 
JACKSONVILLE, ILL. 
Childs, Herbert C., Plant Mgr. 


THIEBLOT AIRCRAFT CO., INC., 
BETHESDA, MD. 
Kirby, J. Robert, Vice Pres.-Engr. — 
Maloney, William 


Smith, Frank C., Proj. Stress Engr. a) 
Stearns, Russell C., Des. Engr. an 
Thieblot, i 
Armand J., President 
THIOKOL CHEMICAL CORP., 7 
TRENTON, N. J. 
Ferguson, Harry R., Vice Pres. 


Brigham City, Utah 

Guzzo, Anthony T., Chem. Engr. 

Wilhite, V. H. Bryce, Tech. Dir., Utah Div. 
Elkton, Md. 


Bomar, Horace I., Jr., Head, Des. Sect. 
Dyson, Leslie M., Asst. Chief Engr 
Irwin, Arnold, Proj. Engr. 
Jones, H. Griffith, Gen. Mgr. 
Mull, Irvin W., Chemist 

Reilly, Hugh T. 

Stern, Edward S., Process Engr. 
Thirkill, John D., Rocket Engr. 
Voris, Charles R., Rocket Engr. 


Huntsville, Ala. 


Anderson, Frank P., Chemist 
Anderson, Milton D., Jr., Engr. 
Berry, Walter L., Jr., Proj. Engr. 
Blalock, Ralph J., Jr., Assoc. Engr. 
Bova, Joseph A., Engr. 

Buchanan, Jack, Operations Dir. 

Eckhardt, Hans F., Proj. Engr. 

Goodloe, John H., Proj. Engr. 

Hubbard, Robert M., Chief, Eng. Des. Sect. 
Keegan, Lillian M., Sr. Tech. 

Mebane, William M., Gen. Mgr. 

Nocke, Henry H., Proj. Chemist 

Pelham, Joseph E., Chief, Testing Dept. 


Ritchey, Harold W., Tech. Dir., Rocket Div. 


Roberts, Charles S., Jr., Proj. Engr. 

Simmons, James V., Proj. Engr. 

Stewart, Rodney D., Assist. to Tech. Dir. 

Weber, Matthew, Jr., Chief of Engrng. Ser. 

Wiggins, Joseph W., Asst. Tech. Dir. and 
Dir. of Engrng. 


Marshall, Tex. 
Holley, Herschel Q., Tech. Di, 
Ignatius, Wm. R., Gen. Mgr. ai 

THOMPSON PRODUCTS, INC., 

CLEVELAND, O. 

Angell, Pierce T., Div. Mgr., Access. Div. 

Aspelin, Leslie L., Engrng. Mgr. 

Bodensieck, E. J., Proj. Engr. 

Colwell, Archie Trescott, Vice Pres. 

Grevstad, Paul E., Dev. Engr. 

Koffel, John K., Product Engrng. Mgr. 

Kresse, Arthur O., Proj. Engr. 

Lazar, John L., Mgr., Structures & Process 
Dev. Engrng. 

Morrison, Rex, Quality Control Tech. 

Paetz, R. A., Engrng. & Works Mgr. 

Rapp, Edward G., Sr. Proj. Engr. 

Riley, Edward P., Vice Pres. 

Seitz, Robert N., Consultant to Engrng. 
Specialist Group 

Shepard, Horace A., Vice Pres. 

Skinner, William J., Assist. Mgr., Staff 
Res. & Dev., New Devices 

Watson, John E., Mech. Elect. Engr. 

St. Catharines, Canada 
Gregory, John R., Mgr., Aircraft Div. 

Willoughby, O. 
Lazo, Luis R., Jet Div. 


JOHN |. THOMPSON & CO., 
WASHINGTON, D. C. 
Garner, Robert W., Principle Proj. Engr. 


THOR POWER TOOL CO., 
AURORA, ILL. 
Glossa, Milton, Liaison Engr. to Ch. Engr. 


TIMBROL, LTD., 
RHODES, AUSTRALIA 
Ward, Ronald Bentley R., Assist. Services 
Engr. 


T.O.D. MFG. CO., 
HICKSVILLE, N. Y. 
Falcon, Jack, Vice-Pres., Charge of Sales 


TOWNE INDUSTRIAL EQUIPMENT CO., INC., 
DALLAS, TEX. 
Towne, Fred T. Ill, Executive Vice Pres. 


TRAID CORPORATION, 

ENCINO, CALIF. 
Adams, Lloyd, Chief Engr. 
Freeman, Howard E., Assist. to the Pres. 
Macintosh, Mark, Vice Pres. 
Meeker, Melvin M., Field Engr. 
Peterson, Rowland F., Sales Mgr. 
Roberts, Fred G., Jr., President 


TRANS WORLD AIRLINES, 

NEW YORK, N. Y. 
Schoonejans, Emil J., Flight Engr. 
Wenzlaff, Adolph H., Flight Engr. 

San Francisco, Calif. 
Peck, M. Edward, Transportation Agent 


TRULINE PROCESS, INC., 
ST. LOUIS, MO. 


Wagner, E. W., Pres. 


TRU-SCALE, INC., 
WICHITA, KAN. 


Lewis A., Pres. 


Paul, 


TUBE REDUCING CORP., 
WALLINGTON, N. J. 


Brown, Graham B., Vice Pres. 


TUCSON REALTY & TRUST 
TUCSON, ARIZ. 
Lanctot, John W., Engr. 
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TUNG-SOL ELECTRIC, INC., 
BLOOMFIELD, N. J. 
Lewis, William T., Assist. Des. Engr. 


TURBO RESEARCH CORP., 
SANTA MONICA, CALIF. 
Kimball, John G., Pres. 


TURCO PRODUCTS, 
LOS ANGELES, CALIF. 
Arden, Benjamin, Res. Supvr. 


UNION CARBIDE CHEMICALS CO., 

A DIVISION OF UNION CARBIDE CORP., 

NEW YORK, N. Y. 
Bateman, Robert L., Dir., Prod. 
Benedict, Donald B., President 
Joslin, Richard M., Sales Mgr. 
Law, George H., Dir. of Res. 


Dev. 


Los Angeles, Calif. 
Ross, Alfred C., Dist. Sales Mgr. 


UNION OIL CO. OF CALIFORNIA, 
BREA, CALIF. 
Lakin, Wilford P., Sr. Sect. Leader 


UNION THERMOELECTRIC CO., 
FOREST PARK, ILL. 


Suloway, N. S., Mech. Engr. 


UNITED AIRCRAFT CORP., Pa 

E. HARTFORD, CONN. 

Blackman, Arthur W., Jr., Group Leader, 
Res. Dept. 

Dolinger, Sheldon, Analysis Engr. 

_ Edelbaum, Theodore N., Res. Engr. 

Gabron, Frank, Res. Engr. 

Hausmann, George F., Assist. Chief Res. 
Engr. 

Hoadley, Henry H., Sr. Staff Engr. 

King, Charles H., Jr., Head, Combustion 
Section 

Knissel, Eugene A. 

Kuehl, Donald K., Res. Engr. 

Kuhrt, Wesley A., Chief Res. Engr., Res. 
Dept. 

Landerman, Abraham M., Analytical Engr. 

Lee, John G., Dir. of Research 


Pratt & Whitney Aircraft, East Hartford, Conn. 


Bazzano, Joseph T. 
Caouette, Zephirin, Jr. Designer 
Carr, James P., Performance Analysis 
Engr. 
De Marco, Michael F., Field Rep. 
Edwards, Shelton H., Experimental Engr. 
Horan, John J., Test Engr. 
Markowski, Stanley J., Proj. Engr. 
Merger, Jack R., Head Analysis Section 
Mongiat, Robert, Des. Engr. = 
Norman, Neil, Test Engr. 
Parkins, Wright A., Vice Pres. 
Reichenbach, Frank M. ; 
Rising, Simeon M., Jr., Installation Engr. 
Steele, Alan E., Analytical Engr. 
Tiedemann, Harold J., Assist. Proj. Engr. 
Verkoville, Robert D., Des. Engr. 
Wood, James J., Patent Attorney 
Boston, Mass. 
Lavelle, Joseph E., Des. Engr. 
Hamilton Standard Div., Windsor Locks, 
Conn. 
Baker, Carl F., Quality Mgr. 
Boxenhorn, Burton, Analytical Engr. 
Kearns, Charles M., Engrng. Mgr. » 


Sikorsky Aircraft Div., Bridgeport, Conn. 
Sikorsky, Igor Engrng. Mgr. 


UNITED SASH & DOOR CO., 
WICHITA, KAN. x 
Hoult, Charles H., President i” 


U. S. CAMERA PUBLISHING CORP., 

NEW YORK, N. Y. 
Maloney, Thomas J., Editor and Publisher 


UNITED STATES STEEL CORP., 
PITTSBURGH, PA. 
Gunia, Russell B., Metallurgist 
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Silvercel‘and 
Silead’ 
prime movers 


in the conquest 
of space. 


Reliable performance at 
high altitudes and under 
adverse climatic conditions 
makes the compact, light 
weight, YARDNEY SILVERCEL* 
or the long life, high 
capacity YARDNEY SILCAD* 
indispensable in the field 
of astronautics. 


Wherever weight and a 
space considerations are 
vital — compact power 
critical — performance 
paramount — Specify 
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YARDNEY ELECTRIC CORP. 


“Pioneers in Compact Power” 
40-50 LEONARD ST., N. Y. 13, N. Y. 


*rrave MARK WORLD WIDE PATENTS GRANTED OR PENDING Oey Y.€.C. 


American Steel & Wire Div., Cleveland, O. 
Powders, Howard F., Aviation Rep. 


Consolidated Western Steel Div., Los Angeles, 
Calif. 
Chambers, Carleton A., Gen. Supvr. 
Fenninger, Charles R. 
Fife, Charles E., Sr. Contracting Engr. 
Hester, J. G., Proj. Mgr., Aircraft, Missiles 
and Rockets 
Johnson, Morris E., Contracting Engr. 
Klick, M., Chief Engr. 
Ritchey, Randolph, Mgr. Aircraft & Missile 
Div. 
Thompson, J. Greer 


San Francisco, Calif. 
Boyd, George E., Contracting Mar. 
Washington, D. C. 
Paterson, Lawsone, Sr. Contracting Engr. 
UNITED STATES TIME CORP., 


NEW YORK, N. Y. 
Boehm, Gerhard W. 


Ae 
UNIVERSAL MATCH CORP., 
FERGUSON, MO. 


Blake, T. Gaynor, Asst. Dir. of Res. & Dev. 


UTICA-BEND CORP., 

UTICA, MICH. 
Adkins, Harold T., Asst. Chief Engr. 
Rodgers, Oliver E., Corporate Chief Engr. 
Vannelli, Renso John, Sr. Proj. Engr. 


VALLEY INSURANCE CO., 
LAS CRUCES, N. M. 
Freudenthal, Louis E.. Owner | 


E. M. VANCE & CO., ENGINEERS, 
ARCADIA, CALIF. 
Vance, Edward M., President - 


VARD, INC., 
PASADENA, CALIF. liven: 
Kozich, Steve S., Mgr. of Quality Control 


VARIAN ASSOCIATES, 

PALO ALTO, CALIF. 
Carnahan, C. W., Tech. Assist. to the Pres. 
Stearns, H. Myrl, President 
Stoner, Frank E., Dir., Prog. Planning 
Wilimek, Fred, Contract Administrator 


Washington, D. C. 
Broun, Walter, Govt. Rel. Advisor 


_ OAKLAND, CALIF. 


VARICK MACHINE & TOOL WORKS, me? 
NEW YORK, N. Y. 
Oshinsky, Abraham, Machine Shop 
VECO ENGINEERING CO 
SPRINGFIELD, MASS. 
Viets, William D., Gen. Mgr. 


VICKERS INC., DIV. OF SPERRY-RAND CORP. 
DETROIT, MICH. 


Dutton, James M., Application Engr. > 
Riley, Shan B., Advanced Dev. Engr. 


Birmingham, Mich. 


Miller, William A., Sr. Engr. 

Jackson, Miss. 

Yaeger, H. Charlie, Plant Mer. 


Vickers Electric Div., St. Louis, Mo. 
Behr, Joseph L., Mgr. of Military Engrng. 


VITRO CORP. OF AMERICA, 
NEW YORK, N. Y. 
Johnson, Robert D., Dir. of Cust. Relations 
Silver Spring, Md. 
Knox, Thomas B., Assist. Dept. Head 
P. W. VOORHEES ADVERTISING CO., 
PHOENIX, ARIZ. 
Lanford, Wayne S., Tech., Comm. Artist 


H. A. WAGNER CO., 

VAN NUYS, CALIF. 
Cartabiano, A., Chief Planning Engr. 
Lahde, Reinhard N., Res. Physicist 
Mastrocola, Nicholas, Proj. Engr. 
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WESTERN ELECTRIC CO., 


PANAMA CITY, PANAMA 


J. WHEELOCK ASSOCIATES, 
NEW YORK, N. Y. 
Wheelock, Julian A., President 


Smith, William W., Engr. 
Wagner, Herbert A., Pres. & Chief Engr. 


WALDRIP ENGINEERING CO., 
HOLLYDALE, CALIF. 
Simpson, Robert N., Pres. and Gen. Mgr. 


WALT DISNEY PRODUCTIONS, 
BURBANK, CALIF. 
Haber, Heinz, Chief Science Consultant 


WARREN WEBSTER & CO., 
CAMDEN, N. J. 
Webster, Warren, President 


WARRINGTON OIL CORP., 
KISSIMMEE, FLA. 
Hagen, Glen, D., Vice-President 


WASHINGTON FEDERAL SAVINGS ANB 
LOAN ASSN., MIAMI BEACH, FLA. 


Lowenthal, William S. ads 
WASTE KING CORP., 


WASHINGTON, D. C. Soar 
Reiniger, Clement W., Contracts Mgr., 
Eastern Div. 


WAYNE PUMP CO., 
FORT WAYNE, IND. 
Galimeyer, Richard D., Asst. Sales Mgr. 


THE WEATHERHEAD CO., 
CLEVELAND, O. 
Allan, William S., Project Engr. 


WEBB & KNAPP, INC., all 
NEW YORK, N. Y. av 
Roming, Victor, Supvr., Model Div. _ 
WEBER AIRCRAFT, 
BURBANK, CALIF. 
Lee, David A., Des. Engr, 


WEIDER PUBLICATIONS, INC., 
E. PATERSON, N. J. 
Hennesey, Hal M., Editorial Director Sale 


WEITZEL AND LADD, 
WASHINGTON, D. C. 
Ladd, Robert D. 


WELLS AVIATION CORP., 
DETROIT, MICH. 
Wells, James E., Sec. & Treas. 


WESTERN AUTOMOTIVE CO., 


Mhoon, S. McKee 


NEW YORK, N. Y. 
Link, Arthur C., Proj. Mgr., Radio Div. 


S. Kearny, N. J. 


Schroder, William R., Time & Motion Engr. 
MacDonald, John F., Field Engr. 


WESTERN GEAR CORP., 
LYNWOOD, CALIF. 


Acurso, Louis A., Gen. Super Engrng. 

Bannan, Bernard J., Vice Pres., Gen. Mgr. 

Bauer, Richard L., Assist. Supvr., Engrng. 

Clark, Gerald |., Engr. 

Hinman, Ronald C., Marketing Mgr., 
Aircraft Products 

Morris, John K., Mgr. of Engrng. 


Pasadena, Calif. 


Butler, Norval O., Chief Elec. Engr. 


WESTERN GRAVITY CASTING COMPANY, 
LOS ANGELES, CALIF. 


Trich, Henry C., President 
WESTREX CO. CARIBBEAN, 


De Boer, Jan Jacob, Mgr. 


WHEATON ENGINEERING CORP., 
WHEATON, ILL. 


Reinhardt, Joseph A., President 
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E. B. WIGGINS OIL TOOL CO., 


Jacobi, William M., Engr. WYANDOTTE CHEMICALS CO., 


LOS ANGELES, CALIF. - Kropf, Victor J., Assist. to Sales Mgr. WYANDOTTE, MICH. 
Stone, Patrick G., Product Mgr., Sales Way, Stewart, Sec. Mgr.-Thermodynamics Cuddy, William, Head, High Press. Lab. 
Engrng. _e Zabielski, Chester V., Engr. Graham, Ronald A., Mgr. of Contract Res. 
WINZEN RESEARCH INC., Air Arm Div., Baltimore, Md. _ Tait, Charlie W., Supvr. Contract Res. 
MINNEAPOLIS, MINN. = Atran, Leonard, Sr. Engr. WYLE LABORATORIES, : 
Winzen, Otto C., President pais” = Jacob, Sr. Engr. EL SEGUNDO, CALIF. 5% 
Gastruccio, Peter A., Advisory Engr. w i 
a yle, Frank S., President 
WITCO CHEMICAL CO., Clark, Trevor H., Assist. to Engrng. Mar. 
CHICAGO, ILL. Ellrod, Harold D., Sales Mgr. YALE STAMPING CO., 
Hybiak, Walter J., Lab. Tech. _ Gray, Ralph P., Sr. Des. Engr. DETROIT, MICH. 
WKRC TELEVISION STATION, ‘Green, Kenneth E., Engrng. Aid Bagley, Bruce R., Vice Pres. = 
CINCINNATI, O an Jones, Lawrence G. F., Advisory Engr. oD as 
Ste Lessing, Calvin G., Reliability Engr. YOUNG DEVELOPMENT LABORATORIES, 
deans " McCourt, Andrew W., Sect. Mgr., Advanced § ROCKY HILL, N. J. 
WESTERN ELECTRO-ACOUSTIC LAB., Engrng. Smith, Kenneth W., Chief Engr. 
LOS ANGELES, CALIF. Paz, Joe M., Des. Engr. - 7 
Veneklasen, Paul S., Director Robinson, Donald Clarke, Jr. Engr. YUCIA & GRACE, 4 
HOLLYWOOD, CALIF. 
WESTERN UNION TEL. CO., Aviation Gas Div., Mo. 2: 
NEW YORK, N. Y. Hannum, Richard W., Combustion Dev. ; 
Delaney, Michael J., Sr. Tech. —- Engr. A. M. ZAREM & ASSOCIATES, | 
Ladesich, John, Assoc. Engr. PASADENA, CALIF. 7 


WESTINGHOUSE AIR BRAKE CO., _ ww Pouchot, Walter D., Section Engr. Zarem, Abe M., Owner 


WILMERDING, PA. 


Lester, Pa. 
Hewitt, E. E., Dir. of Res. & Dev. 


ZELAIR CORP., 
DEFIANCE, O. 


Nischwitz, Ned Robert 


Arlington, Sterling F., Des. Engrng. 
WESTINGHOUSE ELECTRIC CORP., Lima, O. 
PITTSBURGH, PA. 
Bergvall, Royal C., Engr. Mgr., Defense OHN C. ZOLA LABORATORIES, 
Prod. Patrick AFB, Fla. ALHAMBRA, CALIF. 


Delateur, Louis A., Control Engr. Spontak, Joseph, Electric Engr. Zola, John C., Director 


Miner, John D., Jr., Engrng. Mgr. 


2 
‘Sa 
! 
7; 
: 
| 
ah 
i 
~ 
> 
+. 
= 


; ACADEMY OF AERONAUTICS, LA GUARDIA AIRPORT, na Gourdine, Meredith C., Graduate Student = 
Hastrup, Rolf C., Graduate Student ; 
FLUSHING, N. Y. Ladd, Alvin W 
Hautau, Ralph H., Assoc. Chairman, Dept. of Physics on Math. Marble, Frank E., Assoc. Prot. 64. Be 
gt Kaufman, Joseph J., Instructor in Design McCloskey, Chester M., Asst. to the Pres. tan a 
s ‘craton. Penner, S. S., Assoc. Prof. of Jet Propulsion 4 
| - Alvarez, Raoul Hobart, Floyd E. Williams, Max L., Jr., Assoc. Prof. of Aeronautics ay Semalele 
Seats, Katz, Arthur Zwicky, Fritz, Prof. of Astrophysics 
Balchen, Arthur E. Koenig, Robert J. Students 
Bunker, Leonard R. Maisel, Harrell Borman, Frank Katz, Robert 
Buxo, Vincent M. Matson, Arthur H. Gibbs, D. Clark Lapp, Marshall 
Calandra, John Metz, Thomas Halll, James N. Smith, William W., Jr. 
Z Capobianco, Eugene Murtha, Thomas F. Harshbarger, Frederick C. Williams, Forman A. 
Caulfield, John J. Nanko, Joseph Jr. Heiser, William H. Yeneriz, Muhip A. 
Cooper, Joseph Parker, Irwin S. 
Corso, John S. Persky, Sam + Jet’ Propulsion Laboratory 
Costagliola, Salvatore T. — Resch, Alfred C. pat 3 Atkisson, James B., Mgr. Mechanics ' 
Daly, Fintan E. : Rosen, Arnold + = - Barker, Calvin L. R., Res. Engr. 
Desanto, Michael Russo, Patrick Bartel, Harold R., Engrng. Specialist 
Salvato, Vito C 
Donroe, Frank Bell, Gilbert L., Engrng. Group Supervisor bie 
Durante, Benjamin A. Schneider, Jesse _ Bond, Donald L., Development Engr. n hes 
Fazio, Louis Sclafani, Bowersox, Ralph B., Chief, Instrument Development Section 
Fingeret, Harold Sessa, Rona : : Briglio, Anthony, Jr., Engrng. Group Supervisor 
Ford, Frank J. Sivin, Bernard J. ¥ Colahan, Wayne J., Research Engr 
Gemmell, Robert A. Smith, John J., 28 aay Cole, Charles W., Chief, Design Div. 7 
Gnovese, Joseph A. Terry, David Cummings, Clifford |., Division Chief 
Giacini, Felix R., Jr. Tierney, James A. Cutting, Elliott, Sr. Res. Engr. ss 
d Thatch, Daymon W. 
Goldstein, Leonar Duane F., Sr. Development Engr. 
Granskog, Richard Divone, Louis V., Development Engr. 
Grossman, en S. ou 
Henry, Thomas J. Wolpin, Edward G. Froehlich, Jack E., Dept. Chief — ~ 
F, UNIVERSITY, ALA. Gardner, Robert J., Res. Engr. _ 
ALABAMA, UNIVERSITY OF, ° Gernandt, Herbert H., Sr. Design Engr. pall _ 
Student 6 Gillespie, Rollin W. 
Caudle, William N. 7 Harrje, David T., Res. Engr. 
oe Haurlan, Peter N., Chief, Military and Industrial Services Section 


AMERICAN INTERNATIONAL COLLEGE, SPRINGFIELD, MASS. Hazard, Allyn B., Propulsion Supvr. 


Student Chick, - Howell, Glen W., Res. Engr. 
Ivory, John F. Landsbaum, Ellis M., Res. Engr. 
© Lang, Theodore E., Jr. Engr. 


Ofer, Joseph T., Sr. Industrial Engr. 
Peebles, Lester H., Devel. Engr. 

Pickering, William H., Director 

Porter, Richard N., Res. Engr. 

vy Powell, Walter B., Engrng. Specialist 
Richardson, Al, Technical Writer 

ay Rose, Robert F., Chief of Propulsion Development 
Rupe, Jack H., Sr. Res. Engr. 

Shafer, John I., Staff Engr. 


ARKANSAS, UNIVERSITY OF, FAYETTEVILLE, ARK. 
Students 


McMillan, Robert E. 
Myers, William A. 


Sanders, Johnny L. 


Burch, Jack J. ee Stipe, Chester R., Sr. Development Engr. 
Stites, James R. 
Talbert, John Wilkie, Jr., Sr. Field Engr. 
Student Tami, John I., Mech. Designer 
Barrick, Luther O. Terbeck, Robert C., Section Chief ae 
Williamson, Lytle R., Res. Instrumentation Engr. Dev. 
BOSTON UNIVERSITY, BOSTON, MASS. Wolfe, Allen E., Engrng. Group Supervisor 
Boyd, William C., Professor | at @- ~@ ~ 4 Wright, F. Hamilton, Sr. Res. Engr. 
Coleman, David B., Jr. Res. Lab. Yagi, Fumio, Sr. Res. Engr. 
Students Zukoski, Edward E., Res. Engr. 
Babaoff, William — wre CALIFORNIA, UNIVERSITY OF, BERKELEY, CALIF. 


Levenson, Leonard Lionel, Graduate Research Engr. 

Morrison, Donald C., Research Chemist 

O’Brien, Morrough P., Dean 

Oppenheim, Antoni K., Associate Professor of Mechanical Engrng. 
Wright, Harold V., Graduate Student 


BROWN UNIVERSITY, PROVIDENCE, R. I. 
i Maeder, Paul F., Prof of Engrng. 
Student 


Roberts, Richard W. Students 
BUFFALO, UNIVERSITY OF, BUFFALO, N. Y. vie Collins, Arthur M. Maki, Leonard M. 
Furnas, C. C., Chancellor Robert C. Conel 
elgado, Rene, Jr. eynolds, Richard S. 
Faust, John Daly Silva, Richard W. 
Murphy, Richard P. Gerdes, Ronald Mampre Spongberg, Richard M. 
Romanczuk, Walter ma Goldenberg, Alfred D. Stern, Raul A. 
. Haughian, James M. Wortman, Andrew 
CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIF. Lear, Charles W. Zink, Robert D. 
Babits, George F., Lt. Col. Le Frois, Richard T. 
Broman, Gunnar E., Graduate Student 
Demetriades, Anthony, Research Assistant CALIFORNIA, UNIVERSITY OF, DAViS, CALIF. 


Fuhs, Allen E., Graduate Research Assist. Leonard, Arthur S., Dept. of Agricultural Engrng. 
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CALIFORNIA, UNIVERSITY OF, LIVERMORE, CALIF. Grosewald, Peter Padovano, Vincent A. a 
Radiation Laboratory Hartzman, Mark Serper, Allen A 
Evans, Paul I., Mechanical Engr. Kleiner, Edward : Sobolewski, Alexander V. 

Latin, Edward L. 


Mills, Mark M., Assoc. Dir. and Head, Theoretical Div. , 

Sherman, Nevin CITY COLLEGE OF SAN FRANCISCO, SAN FRANCISCO, CALIF. _ 

Tyson, Thomas J. Students 

Zolli, Basil V., Mech. Engr. M 

CALIFORNIA, UNIVERSITY OF, LOS ALAMOS, N. M. Prior, Ralph E. 

Lyle, Alvin R., Staff Member _— : - CITY COLLEGE OF SANTA MONICA, SANTA MONICA, CALIF. = 

Rowley, John C., Staff Member Student 

Summers, Charles, Staff Member 


Roberts, Paul Nicholas 


COLORADO, UNIVERSITY OF, BOULDER, COLO. wt 
7 
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ALGERIA CZECHOSLOVAKIA 
Centre Interarmees d’essais Des Engine Speciaux, Colomb-Bechar, Orbis, News Agency, Praha 
Algiers 
DENMARK 
ARGENTINA Forsvarets, Krigsmaterielforvaltning, Copenhagen | 


Circulo de Aeronautica, Biblioteca Nacional de Aero, Buenos Aires 
|.A.M.E. Instituto Aerotecnico, Biblioteca, Oficina de Correos, Cordoba 
Kostevitch, M. M., Buenos Aires 

Reynoso, Arturo, Cordoba 


AUSTRALIA 
Adelaide, University of, Bar Smith Library, Adelaide 
Aeronautical Research Labs., Melbourne be - «CO 


Commissioner of Patents, Canberra 
Defence Standard Laboratories, Melbourne 


English Electric Co. Ltd., Salisbury 
Public Library of So. Australia, Adelaide i ss 
R.A.A.F. Printing & Publications Unit, Victoria 
Weapons Research Establishment, Adelaide “787 
Weapons Research Est., Propulsion Div., Adelaide a 
Wells, C., Hillcrest 32) 
AUSTRIA 
Deuticke, Franz, Wien 
BELGIAN CONGO 
Di San, M. G., Kivu 
BELGIUM 
Ateliers de Constructions Electriques de Charleroi, Charleroi = 
Bibliotheque Centrale, Universite Libre, Bruxelles ~~ 
Faculte Polytechnique de Mons, Mons A 
Librairie Falk Fils, Brussels par 
Ministere de la Defense Nationale Bibliotheque, Bruxelles = 
Office International de Librarie, Bruxelles Saeed 
Paque, Mr., Liege ees 
Poudreries, Reumis D. E., Bruxelles 
S.A.B.C.A., Economat, Haren - 
BRAZIL 
Duenhoffer, Otto John Viega, Rio de Janeiro a 
Centro Tecnico de Aeronautica, Estado de Sao Paulo 7 
Julio Cesar Nogueira Neto, Rio de Janeiro - - 
CANADA 
Canadair, Ltd., Montreal 
Canadair Ltd., Special Weapons Library, Montreal _. 
Canadian Armament Res. & Dev. Establishment, Quebec aor 


Canadian Arsenals Ltd., Filling Div., Quebec 

Canadian Army Staff College, Fort Frontenac Library, Kingston 
Canadian Industries, 1954, Ltd., Central Research Lab., Quebec 
Canadian Westinghouse, Hamilton 

Defence Scientific Information Service, Ottawa 

De Havilland Aircraft of Canada Ltd., Guided Missile Div., Toronto 
Ecole Polytechnique, La Bibliotheque, Montreal 
International Civil Aviation Organization, Montreal 
L’Air Liquide, Montreal 

McGill University, Redpath Library, Montreal 


National Aeronautical Establishment, Uplands =i 
National Research Council, Ottawa a) 
Orenda Engines Ltd., Toronto 
RCAF Station, Commanding Officer, Clinton 
RCA Victor Co., Montreal ——s 
Toronto, University of, Institute of Aerophysics, Toronto Iya? 


CHINA 
B.A.1., Technical Library, Taichung 
Chang, S. K., Hong Kong 

Chinese Naval College of Tech., Taiwan 
The Commercial Press, Ltd., Hong Kong 
Loh Kwok Shing, Hong Kong 
The Ordnance Research Inst., 


CUBA 
Curry, Donald, Education & Extension Chief, USOM Office, American 
Embassy, Havana 


ie 


Taipei 


* 


JET PROPULSION 

JOURNAL OF AMERICAN ROCKET SOCIETY — 

Foreign Subscribers 


Soartilleriet, Copenhagen 


EGYPT 


Librairie La Renaissance, D’Egypte, Cairo 


ENGLAND 

A.C.S.1.L., Library Admiralty, London 

Aeronautical Res. Council, National Physical Lab., _Teddingyon 

Aero. Dept., Imperial College, London 

Alvis, Ltd., Coventry 

Armstrong Siddeley Motors Ltd., Coventry 

Roe, A. V. & Co., Ltd., Weapons Research Div., Woodford 

Roe, A. V. & Co. Ltd., Weapons Res. Div., Harrow Design Group, - 
Middlesex 

Blackwell, B. H. Ltd., Oxford 

Borax Consolidated Ltd., London 

Bristol Aero-Engines, Ltd., Bristol 

Bristol Aircraft Ltd., Weston Works, Oildmixon, Somerset | 

British Broadcasting Corp., London 

British Oxygen Research & Dev. Ltd., London 

British Oxygen Wimpey, Ltd., London 

British Petroleum Co., Ltd., Research Station, Middlesex 

College of Aeronautics, Bletchley 

College of Aero., Library, Cranfield 

De Havilland Aircraft Co. Ltd., Hatfield Aerodrome, Herts 

De Havilland Propellers, Ltd., London 


De Havilland Engine Co., Ltd., Middlesex 

De Havilland Propellers, Ltd., Hatfield oe 
Eisenklam, P., Esq., High Speed Fl. Kinetics Lab. JRL., London - 
Elliott Brothers, London, Ltd., Hertfordshire * 
English Electric Co., Ltd., Lancaster + 
English Electric Co., Ltd., The Librarian, Luton Bed Ld 
English Electric Co., Ltd., Rugby Library = 27 ae 
Fairey Aviation Co., Hounslow 


Godfrey, Geo. & Partners Ltd., Hanworth 

Hawker Aircraft, Ltd., Teddington, Middlesex 

Imperial Chemical Industries, Ltd., Libr., Metals Div., Kidderminster 

Imperial Chemical Industries, Ltd., The Librarian, Metals Div., 
Kidderminster 

Lucas, Joseph Ltd., Honiley 

Loughborough College of Technology, Dept. of Aero. Engrng., 
Loughborough 

Ministry of Supply, Armament Res. Establishment, Librarian, 
Ft. Halstead 

Ministry of Supply The Librarian, Farnborough , 

Ministry of Supply, Eng. R. D.—Admin., London 


Ministry of Supply, Librarian E.R.D.E., Essex : 
Ministry of R. A. E., Supply Farnsborough A 
Ministry of Supply, Library, Royal Aircraft Establish., Demian 


Ministry of Supply, Librarian, Westcott 

Napier, D. & Son Ltd., Luton 

Patent Office Library, London 7 ae) 
Pearce, Mr., Edgware 
Pearce, Kenneth, Aylesbury end 


Plessey Co. Ltd., Technical Library, Ilford 
Public Library, Tech. Reference Library, City italia Liverpool 
Reference Library, Birmingham 
Rolls Royce Ltd., Techn. Librn., 
Seaford, John, Southall 

Shell Research Ltd., Thornton Res. Centre, Chester 
Southampton University Library, Southampton 

Synek, Frank, London 

The University, The Library, Birmingham 

U. S. Air Attache, American Embassy, London 
Vickers-Armstrong Ltd., Supermarine Works, Hursley Paci 
Vickers Armstrongs Aircraft, Ltd., Surrey 

Vickers Armstrong Aircraft Ltd., Supemarine Works, Nr. Winchester 
Vickers Armstrongs, Aircraft Ltd., Weybridge 


FINLAND 


Sotatieteellinen Keskuskirjasto, Helsinki, Finland 
Teknillisen Korkeakoulun Kirjasto, Helsinki 
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FRANCE | 
Atelier de Construction de Puteaux, Seine | : 
Barrere, Monsieur, Massy Seine & Oise France as 
Centre de Documentation, Paris AA 
Centre de Documentation Technique, De L’Air Liquide, Paris 


Centre Essais en Vol, Marignane 


Centre Essais Moteurs et Helices, SDIT, S and O 

Centre d’Etudes du Bouchet, Seine & Oise 

Centre D’Experimentation Aerien, Bretigny, S-Orge 

Chimie & Propulsion, Hte Garonne 

Cnet. Bibliotheque Locale Piece, Issy Les Moulineaux 

Comite D’Action Scientifique de Defense Nationale, Paris = 

Comite D’Action Scientifique de Defense Nationale, Paris 

C.N.R.S., Centre de Documentation, Paris i 

Direction Centrale des Poudres, Service de m. Reure, Paris rk 

Direction des Etudes, et Fabrications d’Armement, Service Technique, 
Dept. Documentation, Saint Cloud, Seine-et-Oise 

Documentation du C.T.B., Cazaux 

Ecole Nationale Superieure de Mecanique et D’aerotechnique, Poitiers 

Etablissements d’Experiences, Technique de Versailles, Versailles 

Etat Major General de L’Armee de L'Air, Paris 

Etat Major de L’Armee, Section Scientifique & Technique, Paris 

Florio Fernand, Sevres-Seine 

Fischhoff, Mr., Vincennes 

Fonderie Nationale de la Marine Ruelle (Charente) 

Generale Aeronautique, Marcel Dassault, Saint Cloud, S & O 

Inst. de Recherches de la Sigerurgie, St. Germain 

Institut Francais Du Petrole, Paris 

Klein, Claude A., Paris 

Laboratoires de Bellevue, Tech. & Document, Believe 

Laboratoire Central des Poudres Service Documentation, Paris 

Laboratorie Drivomatic, Paris 

Laboratoire de Recherches, Haut Rhin 

Laboratoire de Recherches, Balistiques et Aerodynamiques, 
Vernon Eure 

M.A.T.R.A., Seine 

Monsieur le Directeur de !a Poudrerie Nationale, D’Angouleme 

O.N.E.R.A. Establissement de Chalais Meudon, Seine-et-Oise 

O.N.E.R.A., Service des Relations Exterieures, et de la Documentation 
Chatillon-Sous-Bagneau 

Poudrerie de Saint Medard, Gironde 

Radio Industrie, Service Documentation, Paris 

Service Doc. & Inform. Techn. Aeron Bibliotheque Central SDIT 2B, 

Paris 

Siestrunck, Monsieur, Paris 

Societe Brequet, Direction Technique, Paris 

Societe D’Electrochimie D’Ugine, Paris 

Societe Nationale de Construction, Aeronautiques du Nord, Seine 

Ste D’Etude de la Propulsion, Par Reaction Centre D’Essais, Villejuif 


Sud Est Aviation, Service Documentation, Paris eh 
Sud-Est Aviation, Bureau D’Etudes, Toulouse, Haute Garonne mJ 
S.N.C.A.S.E., Groupe Technique, Cannes xi? 


S.N.E.C.M.A., Service Normes et Documents, Paris 

S.N.E.C.M.A., Direction Technique, Service Normes et Documents, 
Paris 

Vailhe, Louis, S & O 

Verdier, Mr., Paris 

Vernet-Lozet, Seine 


Institut des Hautes Etudes, Ecole des Sciences Mathematiques, | 
Dakar 


GERMANY 
Bayerische Motoren Werke, Fur Triebwerksbau, G.M.B.H., Munchen 
Bibliothek des Bundesverteidigungministeriums, Argelanderstr 
Bibliothek der Techn., Wuelinerstr, Hochschule, Aachen 


Bibliothek der Techn., Universitact, Berlin cs 
Bibliothek der Tech. Hochschule, Hannover 
Bibliothek der Technischen, Hochschule, Muenchen (aeneal 
Bibliothek der Technicschen Hochschule, Stuttgart ond 
Bolkow, Ludwig, Stuttgart 
Buchkleineinfuhr, W-Forschungsinstitut, Flughafen = 


Deutsche Versuchsan Stalt F., Luftfahrt E. V., Inst. F. Thermodynamik 
U., Muelheim 
Dip!. Eng. Klaus H. Cheufelen, Papierfabrik Scheufelen, 


Oberlenningen 
Dynamit-Actien-Ges, Abt. Einkauf Wiss. Bibliothek, Troisdorf 4 ie 
Dynamit-Actien-Ges, Werk Schlebusch, Leverkusen 

Firma Daimler-Benz A. G., Stuttgart 

Heinkel, Ernst, G.M.B.H. Harisruhe, Stuttgart 
Hofman, Hans, Karlsruhe, Baden 

Kawe, Berling, Charlottenburg 

Kawe, Kommissionsbuchhandlung GMBH, Berlin 
Kraus, Werner A., Unterfranken 
Lachner, Munchen 
Muhlau, Walter G., Kiel 

Niedersachsische, Staats-und Universitatisbibliothek, Gottingen 


Giordano, Pietro, Roma i 
Interscientia, Torino 
Instituto di Aeronautica, Milano 


Nuzzi, Pasquale, Chieti 

Pocai, Emilio, Viareggio 

Politecnico Lab. Meccanica Applicata, Torino 

S.R.L. Sispre, Rome « 

S.R.L. Sispre, Rome 

Societa Microlambda Stabilimento del Fusaro, Napoli 

Soc. Montecatini Sett. Cloronitroderivati, Milano Vie 

Stato Maggiore & Aero. Militare, Rome 


Peppmuller, Robert, Gottingen 
Petters, Willi J., Maier 
Physikalisch Technische, Braunschweig 
Press und Stanzwerk, Eschen 

Sommerkon, Burro W., Franfrant 

Staab, Fritz, Reichenbach 

Verlag Chemie, GMBH, Weinheim Bergstr 
Westdeutsche Bibliothek, Marburg-Lahn 
Wissenschaftliche Buchhandlung, Berlin 
Zeitungsdienst, Woelper, Berlin 
Zeitungsvertribsamt, Satozabteilung, Berlin 


INDIA 

Air Force Station, New Delhi 

Current Book House, Fort Bombay 

Defence Science Organization, Ministry of Defence, New Delhi 

The Dy. Director Generol of Observatories, Climatology & Geophysics, 
Poona 

The Indian Inst. of Science, Library, Bangalore 

Inst. of Armament Studies, Poona Camp er 

Inst. of Armament Studies, Kirkee a 

Natl. Physical Lab., New Delhi 

Office of Dir. Gen. of Civil Aviation, New Delhi rs eas 

Civil Aviation Dept., Res. & Development Tech. Centre, New Delhi 


INDONESIA 
Toko Buku Pembimbing, Djakarta 
Sekretariaat, Staf Angkatan Laut, Djakarta 


IRELAND 
Brooks, W., Belfast 


ISRAEL 
Cohen, A., Tel-Aviv 
Haifa Technical High School, Haifa 
Koppel, B., Tel Aviv 
Makowsky, Haifa 
Misbit, Tel Aviv 


Roberts, J. M., Tel Aviv a 
Salzer, M. J., Haifa 6 
~ 


Saranga, H., Haifa 
Shafer, J., Haifa 
Weizmann Inst. of Science, The Haber Library, Rehovoth 


ITALY 

Accademia Navale, Biblioteca, Livorno [3s & 

Amadas, V., Societa Commerciale Tirrena, Rome i 

Biblioteca, Della Facolta D’Ingegneria, Palermo 

Biblioteca del Politechnico di Torino, Torino 

Biblioteca Delle Scuole, D’Appliczione D’Arma, Torino | 

Biblioteca Scuela Ingegneria, Pisa 4 ae 

Castelfrancox, Ing., Milano 

Centraves Italiana S.P.A., Rome 

Commando in Capo, Taranto 

Comando in Capo del Dipartimento Marittimo, Biblioteca Diparti- 
mentale, Taranto 

Commissione Permanente Per Gli, Esperimenti Materiale da Guerra, 
La Spezia 

Consiguio Mazionale Delle Ricerche, Rome 

Delli Zotti Sergio, Trento — 

Fiat S.P.A. Dip. Norme e Pubblicazioni, — 

Salvatore, Gaetano, Rome 


Instituto di Tecnologia Dei Materiali Dei Motori, Scuola di Ingegneria 
Aeronautica, Rome 

Instituto Motori D’Aviazione, Rome 

Liberia Deperro Per A.A., Napoli 

Marconi Italiana S.P.A., Genova 

Ministero Difesa Aeronautica Centre Consultivo Studi e Recherch, 
Rome 

Ministero Difeso, Aeronautica, Direzione Generale Delle Armi e 

Munizioni, Rome 

Ministero Difesa Aeroautica, Direzione Generale Delle Costruzionie, 
Rome 

Ministero Difesa, Stato Maggiore Esercito, Roma 


Stato Maggiore Esercito, Rome 
Ten. Augusto Tassinari, Rome 
Tine’, Guide, Naples 

University Di Napoli, Instituto de Aeronautica, Napoli 
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JAPAN 


Atomic Energy Research Inst., Tokyo 

Boei Daigaku, Library Kikaikogaku-Kyoshitsu, Kanagawa-Ken 

Booei-Cho, Kooku-Bakuryo-Kanbu Kaikeika-Keiyaku, Tokyo 

Booei Cho Gijutsu Kenkyujo Tech. Res. Inst. of Nat'l Safety Agency, 
Tokyo 

Dainippon Celluloid Co., Aboshi-Kako-Kojyo Himeji Hyogo-Ken 

Fuji Jukogyo K.K., Tokyo 

Fuji Precision Machiner Co. Ltd., Tokyo 


Hoan-Cho Dai-L-Baku, National Safety Agency, Tokyo 

Ishikawajima Jukogyo K.K., Tokyo — 
Japan Publications Trading Co., Tokyo 
Kawasaki Kookuki Kogyo, Fifu Seisakujo, Gifuken Ly 


Kawakaki Kokuki Seisakusho Ltd., Inaoo-Gun Gifu 
Kawasaki Aircraft Co., Ltd., Kobe Eeisaku-Sho Gijutsu-Bu, Akashi 
Kikai, Prof. Nagao, Kyoto Branch, Kyoto 

K. K. Tokyo Keiki Seizosho Kenykusho, Tokyo 

Kogyo-Gijutsu-In Kikai Shiken-Jo, Suginami-Ku, Tokyo 

Kogyo Gijutsu-In Shigen, Gijutsu Shiken-Joe, Saitama-Ken 

Kokka Toshokan Ukeire, Seiri-Bu, Genshi-Shiryo-Atom, Tokyo 
Koku Kogakubu, Kyoto 
Komatsu Seisakusho Gijutsubu, Tokyo 
Kookugijutsu-Kenkyujo, Nat'l Aero. Lab., Tokyo 

Kyushu University, Faculty of Engrng., Fukuoka, Shi 
Kyushu University, Faculty of Engrng., Hakozaki 7 
Maruzen Co., Kobe 

Maruzen Co., Nagasaki 

Maruzen Co., Osaka 

Mitsubishi Shipbuilding & Eng. Co. Ltd., Nagasaki City 
Mitsubishi Zosen K.K., Tokyo 

Nagoya Kookuki Seisakujo, Shin Mitsubishi Jyukogyo, ieee 
Nagoya Univ. Library, Fac. of Technology, Nagoya 
Nakamura, Marumi, Chiba-Shi, Chibaken 

Nat'l Safety Agency, Tokyo 

Nihon Carlit K. K., Tokyo 

Nihon Jet Engine Co., Ltd., Kitatama-Gun, Tokyo 
Nihon Yushi K. K. Kayaku-Bu, Tokyo 
Omiya-Seisakujo, Fuji Jukogyo K. K., Saitama-Ken 
Osaka Sanso Kogyo K. K. Komu-Bu, Osaka 
Rikujo-Booei, Yokosuka-Shi 

Tanazawa, Yasushi, Sendai 

Tokyo Daigaku Kogaku-Bu, Tokyo 

Tokyo Inst. of Tech., Tokyo 

Tokyo Inst. of Technology, Tokyo Kogyo Daigaku Toshokan, Tokyo 
Tokyo University, Tokyo 

Tokoku Univ. Library, Sendai, Japan 

Tokyo, University of, Department of Aeronautics, Tokyo 
Tokyo, University of, Inst. of Industrial Science, Chiba-Ken 
Uuchu Butsuri, Kyoto 

Yomiuri Press, Shiryobu-Toshoka, Chuo-Ku 


LIECHTENSTEIN 


H. Hoz, Dipl. Ing., Eschen 


NETHERLANDS, THE 


Bibliotheek Der Technische Hogeschool, Delft 
Bibliotheek en Documentatie, Schiphol 
Blommaert, N. V. J., Roosendall 
Groothoff, C., Delft 

Koninklijke Shell Laboratorium, Delft 
Meulenhoff E 1, Amsterdam i 
Ministry of War, Bureau of Documenation, The Hague 

N. V. Wed. J. Ahrend & Zoon, Amsterdam 

Pegasus Periodical Dept., Amsterdam 

Technische Hogeschool Lab. Voor Verbrandingsmotoren, Delft 
Technisch Centrum V. D. Luchtverdediging Oude, Den Haag 
Uitgeverij Boekhandel Pegasus, Amsterdam 


NEW ZEALAND 7 

Canterbury University College, Christchurch > 

NORWAY 
Forsvarsstaben, Oslo 

Forsvarets Forskninsinstitutt, Kjeller 

POLAND 

ROUMANIA 


Biblioteca Academiei RPR Procurarea Publicatiilor A, Burcharest 
Institutul de Documentare Tehnica, Bucarest 

Institutal de Documentare Tehnica, Bucarest 

Institutal di Fizica Al, Academiei R.P.R., Burcarest 

Ministerul Invatamintului, Serv. Penetry Biblioteci, Bucuresti 


SCOTLAND 


Imperial Chem. Ind., Ltd., Nobel Div., Library, Res. Dept., Stevenston 
Smith, John & Son, Glas. Ltd., Glasgow 


Tanner, P. H., Engrng. Dept., The University, Glasgow 
Wallas, A. Son, Messrs., Ayrshire 


SOUTH AFRICA 

Library & Info. Div., So. African Council for Scientific & Ind. Res., 
Pretoria 

Secy., Dept. of Defense, Central Library, Pretoria 


SPAIN 


Bustelo, Ramon, Madrid 

C.E.T.M.E., Madrid 

Distribuidora Internacional-Ceta, Madrid 

Instituto Nacional de Tecnica Aeronautica, Madrid 

Inst. Nacional de Tecnica Esteban Tradas Aeronautica, Madrid 
La Sierra, Col. Manuel, Sevilla 

Litavia, Madrid 

Regimento de Artilleria de Costa Jefature de Instruccion, Algeciras 
Sr. Ruy-Diaz-Litavia, Madrid 

Talleres, B. K., Madrid 


SWEDEN 


A. B. Bofors, Central Library, Bofors 

AB Volvo, Biblioteket, Goteborg 

Backman, Torsten, Trollhattan 

Biblioteket Marinforvaltningen, Stockholm 

Chalmers Univ., The Library of Technology, Gothenburg 

Flygtekniska Forsoksanstalten, Ulvsunda 

Forsvarets Fabriksverb Akers, Akers 

Forsvarets Fabriksverk, Carl Gustafs Stads Gevarsfaktori, Eskilstuna 

Forsvarets Fabriksstyrelse, Stockholm “ig 

Forsvarets Forskningsanstalt, Stockholm 

Forsvarets Forskningsanstalt, Sundbyberg 

Gudmunsson, G., Trollhattan 

Institutionen for Flygteknik, Stockholm 

K. Tekniska Hogskolans Bibliotek, Stockholm 

Kgl. Flygforvaltningen Robotvapenyran, Stockholm 

King! Flyforvaltningen Forsokscentralen, Biblioteket, Malmsiatt 

Kungl. Armetygforvaltningen, Stockholm 

Kungl. Flygforvaltningen Materialavdelningens Bibliotek, Stockholm 

Kungl. Krigshogskolan, Biblioteket, Stockholm 

Kungl. Tekniska Hogskolan, Institutionen for Uppvarmnings 
Ventilationsteknik, Stockholm 

Lindstahls Lilla Boklada, Stockholm 

Lindstahls Lilla Boklada, Stockholm 

Satmark, Lennart, Goteborg 

Scandinavian Airlines System, Library, Stockholm 

Svenska Aeroplan AB, Linkoping 

Svenska Flygmotor A. B., Trollhattan i 


SWITZERLAND 


Buvhhandiung fur Technik und Wissenschaft, Zurich 
Eidg. Pulverfabrik, Wimmis Be 
Halder, F., Bremgarten 

Hispano Suiza S. A., Geneva 
Pinkus & Co., Zurich 


~ 


Zahn, Willy, Zuerich 

TURKEY 

Robert College, Istanbul 
— a & 

URUGUAY 

Facultad de Ingenieria Biblioteca, Montevideo 

USSR 


Biblioteka, Moscow 

Biblioteka Kombinata, Moscow 
Cnt. Biblioteke, Priborostroenija, Moscow 
CNTB Ministerstva Avtopromishlennosti, Moscow — 
Dom Uchenykh, Glavnyj Pochtamt, Moscow 

Filial Biblioteki, Moscow Sig 
Gos. Nauchn Biblioteka, Minist. Vyssh. Obraz, Moscow 
Gos. Nauchn. Biblioteka, Minist. Kultury SSSR, Moscow 
Gosudarstvennaja Biblioteka SSR im. Lenina, Moscow 
Gostekhnika SSSR, Moscow > 
Inoizdat Glavnij Pochtamt, Moscow 

Inst. Mekhaniki Glavnyj Pochtamt, Moscow 

Ministerstvo Aviapromyshlennosti, Moscow 

Neftjanaja Biblioteka, Moscow 

Technich Biblioteka Glavnyj Pochtamt Pochtov, Moscow 
Tech. Biblioteka Glav. Upravienia, Moscow 
Vseojuznaja Gosbiblioteka Inoliteraturi, Moscow 


YUGOSLAVIA 


Jugoslovenska Knjiga, Beograd 
Izdavacko Poduzece, Zagreb 
Technicki Faultet, Zagreb 
Trgovinska Preduzece Jugoslovenska Knjiga, Beograd 
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APPLICATION FOR MEMBERSHIP 


FOR OFFICE USE ONLY 
To the Membership Committee: ea 


I hereby apply for membership in the American Rocket Society, Inc. and enclose ie 
$______ as my annual membership dues, $5.00 of which is for a year’s subscription 
to the Journal of the American Rocket Society. The information given herewith is 
correct to the best of my knowledge. 


_ Check type of membership desired (see other side for qualifications) 

MEMBER—annual dues $15.00 Date 

ASSOCIATE MEMBER—annual dues $15.00 

[(] STUDENT MEMBER—annual dues $5.00 ‘ Signature in Full 


Sign with pen—Do not use initials 
PERSONAL INFORMATION PLEASE PRINT OR TYPE 


Name be. Title (or military rank) 


Organization or School 


Services or Products of Organization 


Your Duties and Responsibilities 


Check 
Of Address 
for 
Society 
Mail 


Organization Address 


Home Address O 


Age Date of Birth Country of Birth Citizen of 


7 Other Technical Organization Memberships 


EDUCATIONAL RECORD 


Secondary School Date 


College or University Date 


Major Subject Degree Received Date 


Names of other Technical Schools or Colleges 


_ Additional Degrees By Whom Conferred Date 


REFERENCES ss Name three and include addresses. Include at least one ARS member if possible. 


American KRocReéet Soctety, 
4 
= 
= 
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PROFESSIONAL RECORD 


Dates: from to 


Optional for Student Member Applicants. If space is inadequate add supplementary sheet of this size. 


Names and addresses of past employers. Your position, duties and responsibilities. 


MEMBERSHIPS 


= 


MEMBER: Members shall consist of engineers ond scientists 


who are actively engaged in the development or application 
of rocket or jet propulsion, other persons who have been 
working on the development or application of rocket or jet 
propulsion for at least four years and who hold or have held 
responsible positions in these fields, and such persons as may 
be deemed eligible for this class of membership by the Board 
of Directors by virtue of their outstanding accomplishments 
in other fields and their unusual interest in the purposes of 
the Society. 


ASSOCIATE MEMBER: Associate members shall consist of 
persons, other than students, who are actively interested in the 
development or application of rocket or jet propulsion. 


STUDENT MEMBER: Student members shall consist of per- 
sons not less than 17 years of age whose principal occupation 
is study at a recognized educational institution or who are 
serving as enlisted personnel in the Armed Forces of the 
United States, and who are interested in the development or 
application of rocket or jet propulsion. 

CORPORATE MEMBER: Corporate Members shall consist of 
educational, scientific or industrial organizations who may 
choose this method of expressing their interest in the develop- 
ment or application of rocket or jet propulsion, and who are 
maar 4 acceptable by the Board of Directors. Each Cor- 
porate Member shall be entitled to five representatives with 
the rights and privileges of Members. (Write for special 


Corporate Membership application form.) es 


4 


